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Summary
• The Beaumont-Condingup area begins about 25 km east of Esperance on the
South Coast of Western Australia, and extends more than 100 km east along
Fisheries Road.  It covers two broad areas known as the Esperance sandplain
and the Esperance mallee, totalling 505,000 hectares. The climate is typically
Mediterranean with cool wet winters and dry warm summers.
• Many small creeks and rivers occur, mainly along the coast.  Most waterways in
the mallee section of the cleared agricultural land drain internally.  The overall
environmental rating of the coastal waterways is excellent.
• The dominant soil types are Grey deep sandy duplexes and Pale deep sands.
These and other soil types combine to form 42 soil-landscapes.
• Groundwater electrical conductivity (EC) increases away from the coast.  The
average and median levels within the mallee are more than twice as high
(5,000 mS/m) as those in the sandplain (2,400 mS/m).
• Depth to groundwater ranges from 0.2 to 18 m and the rate of rise ranges from
0.03 to 0.35 metres per year.  Most mallee soil-landscapes have a high risk of
shallow watertables within 50 years, whereas most sandplain areas have well
over 100 years before shallow watertables will develop.
• Almost 20 per cent of the area is low-lying with potential for developing shallow
watertables.  Sixteen per cent (130 km) of roads could be affected by salinity or
waterlogging if the groundwater continues to rise.
• Nearly three-quarters of the area has a high risk of water repellence and wind
erosion, and almost half has a moderate to high risk of subsurface acidity.
• Approximately one-third of the original vegetation has been retained.  This
contains 68 species of priority flora and five species of rare flora.  Almost one-
quarter of the remnant vegetation in the agricultural area occurs in low-lying
areas.  Consequently, one species of rare flora and 14 species of priority flora are
at risk.
• In 2001-02, the area contributed nearly $100 million to the total gross value of
agricultural production in the Esperance Shire and produced over a third of the
grain.  Crops include wheat, barley and canola, and the livestock enterprises are
beef cattle, sheepmeat and wool.
• A range of options for reducing land degradation is discussed.  Factors such as
soil type, annual rainfall, enterprise mix and financial structure will determine the
most suitable approach for each farm business.
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1. Introduction
Soil degradation on farmland reduces agricultural production and damages
infrastructure and natural resources such as remnant vegetation, waterways and
wetlands.
While dryland salinity, waterlogging and soil erosion cause serious environmental
problems in Australia, several other forms of soil degradation are of concern such as
water repellence, wind erosion and soil acidity.  Dryland salinity will increase as
watertables continue rising, decreasing the value of agricultural land and reducing
agricultural production.
The objective of Rapid Catchment Appraisal is to assess the condition of, and future
risks to agricultural and natural resources, and provide information for reducing those
risks within regional geographic catchments.  The process also attempts to identify
the most suitable options to manage the risk.  As part of the process, landholders are
given direction on where to access further information and support if necessary.
This report has been prepared by the Esperance Catchment Support Team, which
contains representatives from relevant government departments.  The report
summarises current information for the Beaumont-Condingup area.  Land managers
are urged to use it as a starting point and to gather further information from the
sources listed.
1.1 Study area
The Beaumont-Condingup area covers about 500,000 hectares, and starts about
25 km east of Esperance on the South Coast and extends more than 100 km east
along Fisheries Road.  It includes coastal reserves and National Parks to the south,
and follows the agricultural land boundary to the north and far east (Figure 1).
Spatial data from within the allocated agricultural land (411,000 hectares) has been
analysed for this report.
The study covers two broad areas known as the Esperance sandplain and the
Esperance mallee.  The sandplain area has sandy soils of varying thickness
overlying gravel or clay, and stretches from the coast to 40 to 60 kilometres inland.
The mallee area, to the north of the sandplain, contains numerous salt lakes, alkaline
soils and mallee vegetation.
Many small creeks and rivers occur, mainly along the coast.  Most waterways in the
upper section of the cleared agricultural land drain internally, forming many small
wetland systems.
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Figure 1:  Esperance regional catchments showing the Beaumont-Condingup area
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2. Natural resource base
2.1 Climate
Angela Alderman, Environmental Consultant
The climate is Mediterranean with cool wet winters and dry warm summers.
2.1.1 Rainfall
Annual rainfall varies from 600 mm in the south-west to 350 mm in the north-east
(Figure 2).  There is a 20 per cent chance (one in five years) that the sandplain area
will receive annual rainfall above 553 mm (wet year) or below 423 mm (dry year)
(Table 1).a  The sandplain averages 67 mm and the mallee averages 55 mm during
the wettest month, July, while both areas average only 20 mm in December.  Two
thirds of the rain falls during the growing season and evaporation is also lowest in
these months (Figures 3 and 4).
Figure 2: Rainfall isohyets for the Esperance region
                                                
a The interpolated rainfall and temperature data were obtained from Department of Natural Resources
& Mines (2000).
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Table 1: Rainfall statistics for sandplain and mallee area
Percentile
Location
Average
annual
rainfall 20%Dry year
50%
Median
80%
Wet year
Driest year Wettestyear
(mm) (mm) (mm) (mm) (mm) (mm)
Sandplain 490 423 490 553 254
(1994)
730
(1992)
Mallee 440 382 422 486 234(1994)
692
(1992)
a)
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Figure 3: Annual rainfall 1957-2001, separated into growing season (May-October)
and out-of-growing season for a) the sandplain; and b) the mallee area
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Figure 4:  Average monthly rainfall and evaporation 1957-2001, for a) sandplain; and
b) the mallee area
2.1.2 Temperature
Temperatures range from average daily highs in summer of 26-28oC, to average
winter highs of 16-17oC (Figure 5).  The highest temperature since 1957 was 45oC in
January 1990 and February 1991, while the lowest temperature was to 0.5oC in
June 1960, August 1967 and August 1970.
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Figure 5:  Average monthly temperatures for a) sandplain; and b) mallee area.  These
graphs depict the highest recorded temperature, average daily maximum and
minimum and lowest recorded temperature (since 1957)
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2.1.3 Wind
When wind reaches speeds of 29 kph it can move exposed particles of soil up to
sand grain size.  The hours of winds greater than 29 kph from 1994 to 2001 have
been recorded by the Department of Agricultures climate station near Mount Howick,
north-east of Condingup.  On average, just less than half of the strong winds blow
from March to July, which are the months with high risk of wind erosion (Figure 6).b
Although years are highly variable and strong wind events occur episodically, the
strong winds are west-north-west and west (Figure 7).
Hours of strong winds (>29 kph) in the 
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Figure 6:  Hours of strong winds (>29 kph) separated into summer-autumn (March-
July) and winter-summer (August-February) from 1994 to 2001
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Figure 7:  Predominant direction of strong winds (>29 kph) recorded by the Mount
Howick climate station from 1994 to 2001
                                                
b Data set is not complete as the climate station was out of action for a number of months throughout
the years
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2.2 Geology
John Simons, Hydrologist
The area has three distinct geologic units emplaced and deposited over three
different geologic periods:
• Proterozoic basement rocks of the Albany-Fraser Orogen emplaced 2,400 million
years ago;
• Tertiary sediments from the Plantagenet Group (Bremer Basin sediments)
deposited about 40 million years ago; and
• Quaternary surficial sediments (sandplain) deposited from 1.6 million years ago to
present day.
Proterozoic granite, gneiss and migmatite from the Albany-Fraser Orogen, form the
basement rocks that underlie the entire area (Morgan & Peers 1973).  The coastal
headlands, offshore islands and inland palaeoislands, such as Mount Howick are all
surface expressions of these basement rocks.
Tertiary sediments from the Plantagenet Group of the Bremer Basin form a
discontinuous cover over the basement rocks (Johnson & Baddock 1998).  The
Plantagenet Group consists of two distinct formations laid down in a shallow marine
environment.  These are the Werillup Formation and the Pallinup Siltstone.  The
Werillup Formation consists of a dark coloured siltstone, sandstone, claystone and
lignite (Cockbain 1968) and is restricted to the depressions and valleys (palaeo-
channels) in the basement rocks (Short & Skinner 1998).  The Pallinup Siltstone is
more widespread and consists of siltstone and spongolite overlying either the
Werillup Formation sediments or weathered basement rocks (Morgan & Peers 1973).
Quaternary sediments, which form the present day sandplain, occur as a thin (<10 m)
surface veneer overlying the Tertiary sediments.
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2.3 Soil-landscape information
Brendan Nicholas, Soil Resource Officer
2.3.1 Soil groups
The most common soil groups (Schoknecht 2002) are listed in Table 2.  Grey deep
sandy duplex (gravelly), Pale deep sand, Alkaline grey shallow sandy duplex and
Calcareous loamy earth represent nearly 70 per cent of the area.  The distribution of
the dominant soil groups is illustrated in Figure 8.
Table 2:  Soil groups found in study area
Soil group Area (ha) Per cent of area
Grey deep sandy duplex 117,000 23
Pale deep sand 112,000 22
Alkaline grey shallow sandy duplex 63,000 12
Calcareous loamy earth 51,000 10
Alkaline grey deep sandy duplex 38,000 7
Grey shallow sandy duplex 34,000 7
Alkaline grey shallow loamy duplex 27,000 5
Other soil groups 63,000 14
Total 505,000 100
2.3.2 Soil-landscapes
Soil-landscapes are areas with repeating patterns of landforms and slopes with
associated soils.  Forty-five soil-landscapes have been identified in the study area
(Department of Agriculture 2002a) and shown in Figure 9.
The most common in the sandplain are level to gently sloping plains with Grey deep
sandy duplex soil (Es1 and Es6) occupying 19 per cent of the central and eastern
parts (Table 3).
The most common soil-landscapes in the mallee are: the gently sloping plains of
Calcareous loamy earths and associated Alkaline grey shallow sandy duplex soils
(Bu2); the plains that contain many salt lakes (Ha1); and further east, Calcareous
loamy earth with associated Alkaline grey shallow sandy duplex soil (Ha5).  These
occupy 20 per cent of the area.
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Figure 8: Dominant soil groups of the Beaumont-Condingup area
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Figure 9: Soil-landscapes of the Beaumont-Condingup area
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Table 3: Most common soil-landscapes by area
Soil-landscapes of sandplain
Condingup System
Co1
(20,000 ha, 4%)
Gently undulating plain with subdued sand-sheets and dunes. Pale deep sand
and associated Grey deep sandy duplex soil (some gravelly)
Esperance System
Es1
(51,000 ha, 10%)
Level to gently undulating sandplain with sand-sheets, internally drained to
swamps externally via incipient saline drainage lines.  Grey deep sandy duplex
(gravelly) soil with associated Pale deep sand and minor Grey shallow sandy
duplex soil
Es2
(24,000 ha, 5%)
Gently undulating sand-sheet and minor subdued dunes with swales and soaks.
Pale deep sand with associated Grey deep sandy duplex (gravelly) soil
Es5
(27,000 ha, 5%)
Level plain with numerous internally drained swamps. Dominated by Gey deep
sandy duplex (gravelly) and Grey shallow sandy duplex.  Minor Pale deep sand
and other soils
Es6
(48,000 ha, 9%)
Level plain with occasional subdued sand-sheets. Alkaline grey deep sandy
duplex and Grey deep sandy duplex (gravelly) with associated Pale deep sand
Merivale System
Mv1
(17,000 ha, 3%)
Level to very gently undulating plain with poor internal drainage. Grey deep
sandy duplex (gravelly) soilswith associated Grey shallow sandy duplex
Mv2
(14,000 ha, 3%)
Very gently undulating plain with sand-sheets and subdued dunes.  Pale deep
sand with associated Grey deep sandy duplex (gravelly) and Grey shallow
sandy duplex soils
Thomas System
Th2
(15,000 ha, 3%)
Moderately inclined slopes of small river valleys. Grey shallow sandy duplex soil
with associated Grey/brown shallow loamy duplex and minor Pale deep sand
Soil-landscapes of mallee
Buraminya System
Bu2
(29,000 ha, 6%)
Gently sloping plain. Calcareous loamy earth and associated Alkaline grey
shallow sandy duplex soil
Halbert System
Ha1
(35,000 ha, 7%)
Gently undulating to undulating plain with many small playas.  Lunettes and
sand dunes are common on eastern side of lakes. Alkaline grey deep and
Shallow sandy duplex soils with associated Salt lake soil, Pale deep sand and
Calcareous loamy earth.
Ha4
(14,000 ha, 3%)
Gently undulating to undulating plain with few to common small playas. Alkaline
grey shallow and deep sandy duplex soils with associated Calcareous loamy
earth, Salt lake soil and Pale deep sand.
Ha5
(34,000 ha, 7%)
Gently undulating to undulating plain with many small playas. Calcareous loamy
earth and Alkaline grey shallow sandy duplex soilswith associated Salt lake soil
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2.4 Hydrology
2.4.1 Hydrogeology
Both the soil-landscapes and geology significantly influence the groundwater
hydrology (hydrogeology) of the area.
2.4.1.1 Regolith
The regolith varies in its material composition and thickness. In the Esperance and
Scaddan Systems, it consists of Tertiary sediments overlying the in-situ weathered
basement rocks (Figure 10).  The regolith in the Condingup System consists of
Quaternary aeolian sediments deposited on top of the same regolith material that
occurs in the adjacent land-systems.  The hydrogeology is influenced by the
regoliths thickness and ability to store and transmit water, and the topography of the
underlying basement rocks.
2.4.1.2 Aquifers
Four aquifers are present (Short and Skinner 1998):
• shallow seasonal perched aquifers in duplex soils;
• perched local aquifers in deep sand-sheets and dunes;
• semi-confined/unconfined aquifers in overlying Tertiary sediments; and
• a deep semi-confined/confined intermediate aquifer in weathered basement
rocks.
These aquifers may be connected and, except for the perched aquifers, are often
saline.
2.4.1.3 Groundwater flow systems
Groundwater processes causing salinity can be categorised according to their flow
systems because the scale (local, intermediate or regional) reflects the ease with
which salinisation can be managed (Coram 1998).  Local groundwater flow systems,
where recharge and discharge are within 1 to 3 kilometres of each other, and
intermediate groundwater flow systems which extend for 5 to 10 kilometres, occur
across the entire area.
Groundwater usually lies above impervious bedrock underlying the regolith
(intermediate flow system); however, in local flow systems groundwater can be
temporarily perched on less permeable layers within the regolith.
BEAUMONT-CONDINGUP AREA APPRAISAL
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Figure 10: Stratigraphy of bore holes in various soil-landscapes
Groundwater discharge can be described using three of the Australian groundwater
flow system (hydrogeological) models:
• Local model (vi) - discharge from perched aquifers;
• Local model (viii) - discharge from low hydraulic conductivity aquifers; and
• Intermediate model (ii) - discharge from semi-confined aquifers controlled by
changes in regolith materials and aquifer geometry.
Local flow systems occur mainly in the Condingup soil-landscapes, however they are
discontinuous and commonly superimposed over an intermediate flow system.
2.4.1.4 Groundwater depth and electrical conductivity (EC)
The AgBores database contains 155 groundwater monitoring bores in the area
(Figure 11, Appendix 2), and 115 have recent records for both depth to groundwater
and EC (Department of Agriculture 2002b).  Depth to groundwater (Figure 12a) and
EC (Figure 12b) is variable and depends on factors including climate, hydrogeology,
soil type, landscape, vegetation and land use.  There are also variations in the
minimum and maximum depth to groundwater and EC between monitoring bores
within the same soil-landscapes (Table 4).
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Figure 11:  Location of groundwater monitoring bores
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Figure 12: a) Number of monitoring bores in sandplain and mallee areas within
specific groundwater depth ranges; b) Number of bores within specific
groundwater electrical conductivity ranges
Depth to groundwater ranges from 0.2 to 18.0 m below ground level with median and
average depths of 7.4 m and 8.7 m respectively.  Groundwater EC ranges from 45 to
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7,600 mS/m with a median of 3,200 mS/m.c  The average depth to groundwater in
the sandplain is 9.9 m, and 6.9 m in the mallee.  The average and median
groundwater EC within the mallee is more than twice that of the sandplain
(5,000 mS/m compared with 2,400 mS/m).
Table 4: Minimum, maximum and median depths to groundwater and
groundwater EC within soil-landscapes
Depth to groundwater
below ground level (m) Groundwater EC (mS/m)Soil-
landscape
No. of
bores
Min. Max. Median Min. Max. Median
Sandplain
Co1 15 0 18 5 45 7,600 700
Co2 1 NA* NA 11 NA NA 2,600
Es1 14 3 17 6 220 5,100 2,400
Es2 2 NA NA 17 2,300 4,600 3,400
Es5 6 5 16 12 490 3,500 2,600
Es6 29 2 18 13 75 3,800 2,700
Mv3 2 7 18 12 2,400 2,700 2,500
Ne2 2 6 15 10 1,100 3,800 2,500
Th1 1 NA NA 16 NA NA 3,600
Th2 1 NA NA 4 NA NA 3,700
Mallee
Bu2 19 2 12 7 2,520 6,100 5,400
Ha1 2 NA NA 3 5,000 5,200 5,100
Ha4 3 3 8 4 1,300 5,900 4,900
Ha5 6 6 9 7 4,300 5,500 5,000
Sc1 2 NA NA 4 6,300 7,600 6,900
Sc2 4 10 14 12 2,200 3,000 2,700
Sc4 2 NA NA 12 4,700 4,900 4,800
Sc9 1 NA NA 4 NA NA 6,500
Sc10 1 NA NA 6 NA NA 4,500
* calculation not applicable.
                                                
c Electrical conductivity broad categories are:
Fresh  <90 mS/m; marginal   90-270 mS/m; brackish  270-900 mS/m; saline  >900 mS/m;
Upper limits for adult sheep  2,200 mS/m; Seawater  5,300 mS/m
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2.4.2 Waterways and wetlands
Kaylene Parker, Rivercare Officer, Department of Environment, Water and
Catchment Protectiond
Many small creeks and rivers occur, mainly along the coast (Figure 13) with many
small wetlands and smaller creek systems in the coastal vegetation.  The major river
systems are the Dailey, Alexander, Mungliginup and Thomas Rivers and Blackboy
Creek.  Most are about 10 kilometres long (Table 5) and drain to narrow, river-like
estuaries that meet the ocean.  Some minor waterways drain to wetlands that are no
longer open to the ocean.
Table 5:  Main waterways in the study area
Waterway Approximate length
of main channel (km)
Median annual
rainfall (mm)
Clearing
(%)
Average annual
flow (mL)
Dailey River 10 610 80 1,500
Mungliginup Creek 15 590 60 3,200
Alexander River 10 595 30 1,000
Blackboy Creek 13 595 25 1,100
Thomas River 10 560 30 1,500
Source: Pen (1999)
The river systems and small estuaries are smaller than other river systems on the
South Coast.  They differ from western estuaries by being narrow valleys cut through
the spongolite and dune sand, or, as at Cape Arid National Park, through granite.
Water quality ranges from brackish to more saline than seawater (5,300 mS/m)
compared with mainly fresh in most western estuaries
The waterways occur in four main areas:
• from Esperance to Cape Le Grand National Park;
• east from Cape Le Grand National Park to the Duke of Orleans Bay;
• east from the Duke of Orleans Bay to the western boundary of Cape Arid National
Park; and
• Cape Arid National Park.
From Esperance to Cape Le Grand a series of creeks drains through the wide belt of
Quaternary dune sand behind the long, high-energy, west-facing beach.  Most creek
systems arise in the coastal reserve, although a few actually flow up into farmland.
                                                
d Formerly known as the Water and Rivers Commission.
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Figure 13:  Drainage in the Beaumont-Condingup area
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The area east of Cape Le Grand to Duke of Orleans Bay rises steeply from the coast
to the sandplain of the plateau at about 80 metres above sea level.  Here the creeks
and rivers have cut narrow valleys in the soft spongolite rock that borders the coast
and overlies the granite bedrock.  There are many smaller creek systems arising in
the dune systems and only a few rising in the farmland.  These river systems are very
short and appear to flow all year round.
In the area east from the Duke of Orleans Bay to Cape Arid National Park, many
short creeks, as well as several rivers, have excavated deep valleys in the spongolite
rock and discharge into narrow riverine estuaries 1 to 2 km long. The heads of the
waterways are only about 10 km from the coast on the edge of the plateau.  These
include the Dailey River, Duke Creek, Mungliginup Creek, Alexander River, Blackboy
Creek and Thomas River.
These waterways are all (or shortly will be) vested within reserves managed by the
Esperance Shire, except for Thomas River, which runs into Cape Arid National Park.
The estuaries are in uncleared coastal bush and although the deep tributary gullies
extend into farmland, they remain largely uncleared.  These river systems flow all
year round and are likely to be fed by groundwater.  Small dams have also been
constructed in a number of the upper tributaries.
In Cape Arid National Park, the creeks have carved valleys in the granite. All of these
systems are located entirely within the National Park and are in pristine condition.
2.4.3 Water resources
John Simons, Hydrologist
Public water supplies are the Condingup Town Water Supply (well 6/83, Hart 1997),
Condingup Town Recreational Dam and an unequipped drought relief bore
(EWD 1-95) adjacent to Mount Howick on Neridup Location 19.
Farm dams and rain tanks provide most water supplies for livestock, spraying and
domestic use.  Farm dams are mainly spread-bank or flat batter dams and
conventional square dams with improved catchments.
In the higher rainfall sandplain closer to the coast, water supplies are supplemented
from bores and soaks that draw groundwater from shallow perched aquifers.
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2.5 Native vegetation
Brendan Nicholas, Soil Resource Officer
The four broad vegetation systems have distinct associations due to differing soil
type, topography and rainfall.  Prior to clearing, the Esperance System covered half
of the area and the Ridley System covered about a third (Table 6 and Figure 14).
Table 6: Beard’s Vegetation Systems
Vegetation system Area (ha) Percentage
Esperance 257,000 51
Ridley 161,000 32
Fannys Cove 85,000 17
Clear Streak 2,000 <1
Total area 505,000 100
The vegetation systems and associations within the area are summarised
below.  Readers seeking further information are referred to Beard (1973).
Esperance System - mosaic of vegetation types dominated by sandplain mallee-
heath (Eucalyptus tetragona).  On deep sands, shrub-heath (Banksia speciosa)
vegetation is present.
Ridley System - mallee associations of E. eremophilaE. oleosa, E. redunca–E.
uncinata, and E. forrestiana with a Melaleuca species understorey.
Fanny’s Cove System - shrub-heath of E. angulosa, Acacia cyclops and B. speciosa.
Low woodlands of E. platypus var. heterophylla are present in depressions, while
swamps support Melaleuca cuticularis.
Clear Streak System - transitional between the mallee to the south and the arid zone
woodlands to the north.  The mallee association E. eremophila-E. oleosa is dominant
with patches of woodland (E. oleosa in tree form).
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Figure 14: Beard’s Vegetation Systems in the study area
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2.6 Agricultural productione
William Dalton, Regional Economist
2.6.1 Agricultural systems
Broadacre agricultural systems dominate the area north of Fisheries Road and
consist primarily of the winter crops wheat, barley, lupins and canola.  In recent
years, cropping areas have increased to represent nearly 60 per cent of the average
farm, and consequently the pasture for livestock has reduced.  South of Fisheries
Road, the mix includes beef cattle and a higher proportion of pasture with cropping of
barley, canola, lupins and oats for hay.  Plantations of blue gum and maritime pine
add to the diversity closer to the coast.  Table 7 displays key information relating to
areas farming resources.
Table 7:  Farming resources in 2001-02
Farming resource Area or number
Farm area 363,000 ha
Average farm size 3,000 ha
Crop area 200,000 ha
Pasture area 151,000 ha
Forestry area 12,000 ha
Sheep and lambs 515,000 head
Cattle 80,000 head
2.6.2 Area production
Seventy per cent of the area is cleared farmland, which is about 30 per cent of the
Esperance Shires total.  As there are no direct sample survey statistics available for
agricultural production for 2000-01, estimates have been gathered using Esperance
Shire figures, modified according to the study areas proportion of farmland in the
Shire.
It is estimated that in 2001-02 the Beaumont-Condingup area contributed nearly
$100 M to the total gross value of agricultural production (GVAP) in the Esperance
Shire, including 340,500 tonnes of grain (37 per cent shown in Table 8).
                                                
e The statistics included in this profile are derived from ABS (1998), ABARE (2002) and Department of
Agriculture (2000). ABS Census results for 2000-01 have not yet been made available. ABARE Farm
Surveys are published each year for specific geographic regions. The Department of Agricultures
AgStats are statistics released at shire level each year. These surveys are based on a sample size of
approximately 30 per cent as opposed to 100 per cent for the ABS census, and so have
inconsistencies with regard to reliability.
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Table 8:  Crop and livestock production estimates for 2001-02
Crop/liv estock Area (ha) Production (t) Value ($million)
Wheat 78,000 165,000 35
Barley 49,000 80,900 15
Canola 38,000 45,600 17
Lupins 20,000 24,000 5
Field peas 10,000 15,000 4
Oats 5,000 10,000 2
Cattle NA* NA 16
Sheep NA NA 5
Total 200,000 340,500 99
* Not applicable
The main cash crops are wheat, barley and canola.  Wheat and canola production
has increased relative to barley and lupins in recent years due to record high canola
prices, and this trend should continue in 2002-03.
A healthy livestock industry provides about 20 per cent of total GVAP, though its
contribution to farm income declined during the 1990s.  However, this sector should
improve with the recovery in wool prices and firming values for beef and sheepmeat.
The average stocking rate is 5 Dry Sheep Equivalents (DSE) per pasture hectare.
Pasture south of Fisheries Road averages 7 DSE while the northern area averages
as low as 3 DSE.  Given the poor wool prices over the last decade, the size of the
sheep flock in WA is about 24.5 million, which is a 50-year low.  The Esperance Shire
accounts for approximately 1.5 million sheep and the Beaumont-Condingup area
stocks about one third of these.  In 2001-02, sheep and lamb production contributed
approximately $5 M to GVAP.  The area also has about 80,000 cattle - 75 per cent of
the Shire total - contributing $16 M to the GVAP.
2.6.3 Farm performance
Average equity levels in 2001-02 were around 85 per cent.  Most farms had average
incomes around $428/ha, which compares favourably with the State average of
$371/ha.  For 2001-02, average return on capital invested in southern WA was the
highest in the State.  Estimates for farms in the area alone are 6.3 per cent.  In
general, asset levels are increasing and debt levels decreasing, primarily due to
increased grain yields.  Figure 15 shows the variability in farm profits from year to
year and the increase from 2000 to 2001 for southern WA.
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Annual real (1997 base) profit for farm
business in southern WA.
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Figure 15:  Real profit for farm businesses in southern WA (ABARE 2002)
2.6.4 Land values
Land values are determined primarily by soil type within rainfall zones.  The area east
of Condingup township and south of Fisheries Road has some of the highest priced
farming land in the Shire.  Esperance Rural Properties recently sold their remaining
lots in this eastern zone for an average of $700/ha.  Prices west of Condingup and
south of Fisheries Road can reach $1000/ha. The area south of Beaumont has
exhibited steady capital gains over the past five years and averages $700/ha.  North
of the Beaumont community hall, land values average $525/ha while the Mount Ney
area averages $600/ha.
The downward trend in the sheep industry and area under pasture over the past
decade is illustrated in Figure 16.  As cropping has become increasingly profitable,
the area cropped and land prices have increased.
0
100
200
300
400
500
600
700
800
900
77 79 81  83 85  87 89 91 93  95 97 99
Crop area Pasture area
Trends in agricultural land use
‘0
00
s 
ha
Year
Figure 16: Agricultural land use trends for Esperance Shire (Sources: ABS 1998,
Department of Agriculture 2000)
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2.7 Land use
Brendan Nicholas, Soil Resource Officer
Of the five land-uses shown in Figure 17, farming takes up greatest area at 72 per
cent of the total (Table 9).
Table 9: Land use (area and percentage of total)
Land zone Land use Area (ha) Percentage
Cleared farmland CALMmanaged estate* 35,000 7
Farming 363,000 72
Reserve 5,000 1
Road 7,000 1
Townsite 1,000 <1
Uncleared land CALM-managed estate 64,000 13
Reserve 29,000 6
Road 1,000 <1
Total 505,000
* Department of Conservation and Land Management
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Figure 17: Land use in the Beaumont-Condingup area
BEAUMONT-CONDINGUP AREA APPRAISAL
29
3. Resource condition and future risk
3.1 Climate change impacts
Angela Alderman, Environmental Consultant
Western Australia is expected to become warmer and drier than at present (Foster
2002).  Warming is likely to be greatest in spring and least in winter, and affect daily
maximum and minimum temperatures.  Average annual temperatures are expected
to rise by up to 2°C by 2030 and up to 6°C by 2070, with slightly less warming in
coastal regions. Rainfall is predicted to decline from autumn to spring by 20 per cent,
and evaporation rates are expected to increase with temperature, thereby reducing
the moisture balance and potentially affecting plant growth and surface-water run-off.
Implications for these projections include:
• growing season may start later and finish sooner;
• daily rainfall events may become more intense, increasing episodic recharge;
• period between rain events may increase and with increased evaporation rates,
run-off generation systems, such as roaded catchments and additional storage
could be needed;
• more frequent temperature extremes;
• rising temperatures may affect field crops via potentially large changes in heat or
chill storage.  A possible benefit of temperature rise is reduced risk of frost;
• reduced pasture production and increased heat stress of stock;
• warmer climate may favour some pests and diseases; and
• possible extinction of species with a restricted range or confined to small areas.
3.2 Land management hazards
Brendan Nicholas, Soil Resource Officer
Management practice is the major factor in avoiding soil decline, however the soils of
the Beaumont-Condingup area have some inherent characteristics that predispose
them to certain land management hazards.  Dominant limiting characteristics are
loose sandy topsoils and sodic subsoils with low water conductivity (permeability).
There are six major land management hazards and the most widespread are water
repellence and wind erosion.  Subsurface acidity is a concern for nearly half of the
area and given the recent increases in cropping, the risk is probably under-estimated.
Land management hazards are based on the attribution of soil-landscape mapping
conducted by the Department of Agriculture.  Land qualities are attributed to soil and
map units to assist in identifying management, conservation and degradation issues
(van Gool & Moore 1999).
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3.2.1 Water repellence
• Nearly three-quarters of the area has a high risk of developing water repellence,
with over 90 per cent of the sandplain and nearly half of the mallee at risk.
• Soil groups most at risk are Pale deep sand and Grey deep sandy duplex
(Esperance and Halbert soil-landscapes in Table 3).
• Sandy topsoils with less than 5 per cent clay content are most at risk.
3.2.2 Wind erosion
• Nearly three quarters of the area has a high risk - over 80 per cent of the
sandplain and nearly half of the mallee area.
• Sandplain soils most at risk are Pale deep sand and Grey deep sandy duplex soil,
and in the mallee, the Alkaline grey shallow and deep sandy duplex soils, and
Calcareous loamy earth (Esperance and Halbert in Table 3).
• Loose sandy topsoils with less than 5 per cent clay content are most at risk.
3.2.3 Subsurface acidity
Subsurface acidity refers to acidification below the depth of normal cultivation or
10-20 cm (van Gool & Moore 1999).
• Nearly half of the area faces moderate to high risk, concentrated in the sandplain.
• Soil groups most at risk are Pale deep sand and Grey deep sandy duplex in the
sandplain (Esperance 1, 2 and 6 in Table 3).
• Sandy soils with low organic carbon content and low resistance to pH change are
most at risk.
• Given the current pH of high and moderate risk soils, it is expected that subsoils
with high risk will reach critical pH in less than 15 years.
3.2.4 Waterlogging
Risk is difficult to estimate because of large seasonal variation.  Cereal cropping
systems are susceptible to even low waterlogging risk, particularly during critical
stages of crop development.
• Sixty per cent of the total area has low to moderate risk of waterlogging and over
half of the sandplain is in this category.  Mallee areas have a low risk.
• Duplex soils are most at risk; soil-landscapes most affected are Esperance 1, 2
and 6 (Table 3).
• Soils with poorly permeable subsoils that develop perched watertables during the
winter growing season face high risk.
3.2.5 Soil structure decline
• One third of the area has a moderate risk of soil structure decline.
• Most at risk are shallow duplex soils, Calcareous loamy earth and clays in the
mallee (Halbert 5 and 1 and Buramina Systems  Table 3).
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• Risk of soil structure decline is greatest on:
− sodic soils with loamy to clay loam textures; and
− shallow duplex soils where sodic subsoils have been brought to the surface by
erosion or cultivation.
3.2.6 Water erosion
• Over one third of the area has a moderate risk of water erosion.
• Most at risk are duplex soils with sodic subsoils or Deep sands on slopes.
• Most affected are Buraminya (Bu2), Condingup (Co1) and Esperance (Es2)
where slopes are greater than 1 per cent.
• Risk factors are:
− loose sandy topsoils with low organic carbon content;
− dispersible clays (generally sodic soils) that favour dispersion; and
− sloping landscape positions.
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3.3 Hydrological risk
3.3.1 Groundwater trends and salinity
John Simons, Hydrologist, and Angela Alderman, Environmental Consultant
This section illustrates how changes within components of the water balance affect
groundwater levels and secondary salinity.  These changes, expected to continue for
several decades until a new equilibrium is reached, increase groundwater recharge,
storage and discharge from aquifers, causing groundwater levels to rise and
secondary salinity to develop.
Of 155 monitoring bores in the area, 74 have at least 20 records spanning five years
(Department of Agriculture 2002b).  Groundwater levels beneath all except 12 of
these bores are rising between 0.03 and 0.35 metres per year (m/yr) and shown in
Figure 18.  Groundwater levels in nearly half are rising between 0.03 and 0.10 m/yr,
20 per cent between 0.10 and 0.20 m/yr and another 20 per cent between 0.20 and
0.35 m/yr. The average rate of rise is 0.10 m/yr.  Most bores that have no significant
rates of rise have shallow groundwater levels that fluctuate seasonally.f
By the year 2050, over one third of the groundwater monitoring sites are predicted to
have shallow watertables (Figure 19).gh  Adapting the 1999 National Land and Water
Resource Audit risk of shallow watertable methodology (Short & McConnell 2001),
risk categories were applied to each of the soil-landscapes with adequate
groundwater level records (Table 10).  All except two of the mallee soil-landscapes
have a high risk of shallow watertables developing within the next 50 years, whereas
most of the sandplain soil-landscapes have well over a century before shallow
watertables will develop.  Whether secondary salinity develops once groundwater
levels are within 2 metres of the surface, depends upon the aquifer and soil hydraulic
properties.
                                                
f Significant rates of groundwater level rise are greater than 0.02 m/yr.
g Groundwater levels at a depth of less than 2 metres are classed as shallow.
h Assuming that the BCA has similar rainfall patterns and groundwater levels continue to rise at the
same rate.
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Depths to groundwater in monitoring bores
in the years 2002, 2020 and 2050*
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Figure 19: Percentage of bores within specified depth to groundwater ranges in 2002,
2020 and 2050
3.3.1.1 Extent of salt-affected land (1988 and 1999)
The Land Monitor Project (2001a) mapped 1.3 per cent of the area as salt-affected
using satellite dataij.  Salt-affected land with dense vegetative cover in spring, is not
mapped using this technique.
                                                
i The Land Monitor Project was a multi-agency project supported by the Natural Heritage Trust.
j Extent of salt-affected land was calculated by combining the Land Monitor Projects September 1988
and 1999 data (Landsat scene 108-083). In a sample area, salinity mapping accuracy is estimated to
be 63 per cent of the salt-affected land evident in 1999 aerial photography being actually mapped.
Details and accuracy statements of the data sets can be found in Land Monitor Project (2001a).
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Table 10: Average rates of groundwater level rise and risk of shallow
watertables in 2002, 2020 and 2050 within specific soil-landscapes
Risk of shallow watertablesSoil-
land
scape
Number
of bores
analysed
Average
rate of
ground-
water level
rise (m/yr) 2002* 2020 2050
Average time
to dev elop
shallow
watertables
(years)
Sandplain
Th1 1 <0.05 Low Low Moderate 450
Mv3 1 0.05 Low Low Moderate 260
Co2 1 0.10 Moderate Moderate Moderate 110
Es1 7 0.10 Moderate Moderate High 140
Es5 6 0.10 Moderate Moderate Moderate 140
Es6 19 0.10 Moderate Moderate Moderate 180
Th2 1 0.10 High High High 20
Co1 3 0.15 Moderate Moderate Moderate 160
Es2 2 0.15 Low Low Moderate 270
Ne2 2 0.15 Moderate Moderate Moderate 90
Mallee
Sc1 1 <0.05 Moderate Moderate High 60
Ha4 1 0.05 Moderate Moderate High 80
Sc9 1 0.05 High High High 30
Bu7 1 0.10 Moderate Moderate Moderate 120
Bu2 10 0.15 Moderate High High 40
Ha5 6 0.15 Moderate High High 50
Sc4 1 0.15 Moderate Moderate Moderate 75
Sc2 3 0.30 Moderate Moderate High 35
High = depth to groundwater <2 m, or 2-5 m and rising;
Moderate = depth to groundwater 2-5 m and static, or 5-15 m and rising;
Low = depth to groundwater >5 m and static, or >15 m and rising.
3.3.1.2 Low-lying areas with potential for shallow watertab les
The Land Monitor Project (2001b) used a Digital Elevation Model (DEM) to determine
height above flowpaths in order to map low-lying areask.  Only three-quarters of the
study area was covered.  In wetter years the low-lying areas are at risk of flooding,
inundation and waterlogging and where groundwater levels are rising have potential
                                                
k Height-above-flowpath is a measurement of the vertical elevation from the flowpaths. The flowpaths
are areas where water flow accumulation is high (not just creeklines). Once the flowpath is defined, an
area within a discrete (0.00.5 m) height class above the flowpath can be identified.  These are the
low-lying areas.
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to develop shallow watertables.  Because the maps are a derived product from the
DEM they need to be analysed with other hydrological information before being
interpreted for hydrological risk.
Approximately 20 per cent of the study area analysed is low-lying (Figure 20).  The
extent to which the soil-landscapes, land use and roads are mapped as salt-affected
and within low-lying areas is summarised below.
3.3.1.3 Soil-landscapes
About 60 per cent of the salt-affected land in the Beaumont-Condingup area occurred
within the Halbert System with its many small salt lakes (playas) and where
secondary salinity is migrating to the low-lying areas between the playas as
groundwater levels rise.
Although hardly any of the Esperance sandplain was mapped as salt-affected, a
large proportion is low-lying, and in wetter years is at risk from waterlogging and
inundation.  Once a new water balance equilibrium is reached in the next century, the
incidence of these hydrological hazards will increase and the risk of secondary
salinity will be increased.
About a quarter of Buraminya System is low-lying and upper slopes already have
shallow watertables due to a thin (<10 m) regolith that filled quickly after clearing
(Figure 21).  The lower flats are surface water flowpaths during flood events;
however, with the current rate of groundwater rise these flowpaths will develop
shallow watertables within the next 50 years.
3.3.1.4 Land use
Approximately half of the salt-affected land lies within farmland and the rest within
estate managed by the Department of Conservation and Land Management.  Over
90 per cent of the low-lying areas are on farmland (Table 12).
3.3.1.5 Roads
Sixteen per cent or 130 of the 800 kilometres of roads are within low-lying areas.  In
areas of shallow watertables, construction and maintenance costs of standard sealed
country roads are increased by 25 to 35 per cent and 15 per cent respectively.  The
construction and maintenance costs of gravel roads are increased by about 40 per
cent and 25 per cent respectively (Murray-Darling Basin Commission 1994).
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Figure 20: Current extent of salinity and low-lying areas
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Table 11: Area and proportion of salt-affected and low-lying areas*
Soil-
landscape Area Salt-affected
Proportion
of total salt-
affected
Low-lying
Proportion
of total low
lying
(ha) (ha) (%) (%) (ha) (%) (%)
Sandplain
Es6 48,000 70 0.1 1 16,300 34 18
Es1 51,000 150 0.3 2 8,500 17 9
Es5 27,000 50 0.2 1 7,200 27 8
Co1 20,000 80 0.4 1 3,300 17 4
Es2 24,000 40 0.2 1 3,000 13 3
Mv3 11,000 70 0.6 1 2,400 22 3
Co2 5,000 10 0.2 <1 870 17 1
Es7 1,000 230 23.0 3 660 66 1
Ne3 4,000 10 0.3 <1 590 15 1
Mallee
Ha5 34,000 220 0.6 3 13,600 40 15
Bu2 29,000 100 0.3 1 7,500 26 8
Ha1 35,000 4,100 11.7 61 6,900 20 8
Ha4 14,000 620 4.4 9 3,500 25 4
Sc10 9,000 10 0.1 <1 2,400 27 3
Sc4 6,000 40 0.7 1 2,300 38 3
Sc2 5,000 10 0.2 <1 1,800 36 2
Sc9 4,000 160 4.0 2 880 22 1
Bu7 2,000 5 0.3 <1 640 32 1
Sc1 3,000 40 1.3 1 560 19 1
Other 173,000 670 0.4 10 6,700 4 7
Total 505,000 6,685 1.3 100 89,600 18 100
* Soil-landscapes listed are greater than 1,000 ha with more than 10 per cent analysed as low-lying
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North Beaumont Bore Transect
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Figure 21: North Beaumont bore transect
Table 12: Area and proportion of salt-affected and low-lying areas with
potential for shallow watertables
Land use Area Salt-affected Proportion
of total
Low-lying Proportion of
total
(ha) (ha) (%) (%) (ha) (%) (%)
Farmland 363,000 3,500 1 52 82,400 23 92
Reserves 34,000 200 <1 <5 2,000 6 <5
CALM-managed
estate
99,000 2,900 3 43 3,800 <5 <5
Road reserves 8,000 80 1 <5 1,400 18 <5
Townsite 1,000 5 <1 <1 <5 <1 <1
Total 505,000 6,685 100 89,600 100
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3.3.2 Waterways
Kaylene Parker, Rivercare Officer, Department of Environment, Water and
Catchment Protection
In 2002, the Department of Environment, Water and Catchment Protection surveyed
the waterways in the Beaumont-Condingup Area.  These included Dailey River, Duke
and Mungliginup Creeks, and Alexander and Thomas Rivers.  Information was
recorded on the foreshore vegetation condition, water quality and macro-
invertebrates.
3.3.2.1 Waterway condition
The overall environmental rating of all waterways is excellent, due to wide corridors
of foreshore vegetation running along the entire length of the systems (Water &
Rivers Commission 2003).  In most cases, this corridor is rated as A grade condition
due to a large percentage of the bank, floodway and verge vegetation containing
undisturbed native species.  There are only a few weeds, the vegetation shades the
waterways, and there are various habitats including pools and riffle zones.  There is
considerable woody debris, including snags and rocks, the waterways have very little
erosion, subsidence or sedimentation and water is permanent.
3.3.2.2 Water quality
The results of the physico-chemical parameters did not vary greatly between
waterways, except for the electrical conductivity (Appendix 3, Table A).  The Dailey
River and Duke Creek had readings ranging from 1,000 to 1,500 mS/m, except for
one site that recorded 700 mS/m.  The Alexander River, Mungliginup Creek and
Thomas River all had similarly high EC results ranging from 2,700 to 5,200 mS/m.
The river systems also showed reverse salinity trends, becoming fresher towards the
coast.
The EC measurements in September 2002 were considerably higher than those
taken by Hodgkin and Clark (1989) in 1971 and 1977.  However, the earlier readings
were taken in May so normal seasonal variation would mask any trend.  Also, as
there is up to 30 years between sampling events, the information is inadequate to
make valid comparisons or determine trends.
The water temperatures ranged from 13 to 23oC and the Thomas River was the
highest.  Most temperatures were around 15oC.  All waterways sampled were rated
as clear.  The pH ranged from 7.9 to 8.5 except for one site on the Dailey River,
which was slightly less alkaline.
3.3.2.3 Macro-invertebrates
Macro-invertebrates are aquatic bugs including worms, snails, crustaceans (gilgies
and marron) and insects (including mayflies, beetles and bugs) are found in many
waterways.  Species diversity was low for each of the waterways tested.  Boulton and
Brock (1999) maintain that it is common for macro-invertebrates to be less diverse in
south-west of WA than the rest of Australian waterways.
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The Alexander and Thomas Rivers had slightly higher diversity than the Dailey River,
and also more salt-tolerant species, such as the Coxiella and several other molluscs
(Appendix 3, Table B).  Two native fish species were also recorded in the Thomas
River.
The presence of the Lestidae (damsel fly) in the Dailey River indicates good condition
as they are sensitive and are not found in polluted waters (Williams 1980).
Many species of amphipods (small crustaceans) were found dead in the Mungliginup
Creek, in an area adjacent to a blue gum plantation.  There is considerable
community concern regarding aerial spraying in plantations, and further sampling is
recommended.
3.3.2.4 Impact of agriculture on the waterways
In most cases, the vegetation corridors have protected the waterways from the
impacts of surrounding land uses.  There are early stages of degradation, including
vegetation loss, erosion and secondary salinity, particularly in the upper tributaries,
however some can be managed on a local scale.  Increased clearing has resulted in
considerable changes to the areas hydrology and in particular, an increase in the
quantity and velocity of water flow.  Nutrient run-off is also likely to be a problem and
further sampling is required.
Land use is changing with more blue gum plantations and tourism becoming a major
industry.  Sections of fences along Mungliginup Creek have been removed for tree
plantations.  The Thomas and Alexander Rivers have considerable unfenced
sections.  The Dailey River and Duke Creek have been completely fenced.
3.3.3 Water resources
John Simons, Hydrologist
Depending on the position in the landscape and design of the structure, private farm
water supplies may be at risk from salinisation, eutrophication, siltation and
significant evaporation losses.
Increased cropping activity has decreased the reliability of high-grade domestic water
supplies.  Crop spraying uses a significant proportion of the domestic rainwater at the
beginning of the growing season, before tank capacities have recovered from the
summer/autumn demand.
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3.4 Native vegetation representation and risk
Tilo Massenbauer, Catchment Conservation Officer, Department of Conservation and
Land Management
3.4.1 Native vegetation representation
The Beaumont-Condingup area retains a third of its original native vegetation cover
(Appendix 4, Table A). The native vegetation contains 68 species of priority flora and
five species of declared rare flora (Appendix 4, Table B and Appendix 5).  Most
native vegetation occurs on reserves managed by the Department of Conservation
and Land Management (CALM), the Esperance Shire and the Department of Land
Administration.  The remainder is fragmented over farmland.
A vegetation type is considered to be under-represented if there is less than 25 per
cent of its original distribution remaining (Beard 1973). The following types are
considered to be under-represented:
• Eucalyptus incrassata mallee-heath (15 per cent remaining);
• Banksia scrub-heath in the sandplain area (17 per cent remaining);
• Heath with scattered Nuytsia floribunda in the sandplain area (14 per cent
remaining); and
• Tallerack mallee-heath (13 per cent remaining).
3.4.2 Native vegetation at risk
Although the area is one-third vegetated, the farmland is only 26 per cent vegetated.
Almost a quarter of the farmlands native vegetation grows in low-lying areas prone to
inundation and waterlogging. This risk may threaten one species of declared rare
flora and 14 species of priority flora (Table 13).
It is expected that the following CALM Nature Reserves will be most affected by
rising groundwater levels:
• South Beaumont Nature Reserves  half of 440 ha;
• Niblick Nature Reserve  one quarter of 840 ha;
• South-eastern parcel of Kau Rock Nature Reserve  20 per cent of 1,050 ha; and
• Muntz Road Nature Reserve  10 per cent of 3,600 ha.
The Cape Arid vegetation corridor provides an exceptional ecological link between
the South Coast and Northern Mallee Macro-corridors.  Within this corridor, Boolenup
Lake and Thomas River are two important conservation assets at risk from rising
watertables.  Degrading these assets would break the connectivity of the South
Coast Macro-corridor.
Maps of low-lying areas in Cape Le Grand National Park are inadequate for risk
analysis.
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Table 13: Priority and declared rare flora found in low-lying areas
Species Populations Status Risk
Myoporum turbinatum 3 R Immediate
Baeckea crassifolia var. icosandra 1 P1 Immediate
Monotoca leucantha 1 P3 Immediate
Atriplex muelleri 1 P1 Low lying area
Dillwynia acerosa 1 P1 Low lying area
Andersonia macranthera 2 P2 Low lying area
Daviesia pauciflora 1 P2 Low lying area
Leucopogon florulentus 1 P2 Low lying area
Melaleuca eximia 1 P2 Low lying area
Goodenia laevis subsp. Laevis 1 P3 Low lying area
M. incana subsp. Tenella 1 P3 Low lying area
Verticordia verticordina 2 P3 Low lying area
Darwinia sp. Mt Burdett 1 P4 Low lying area
Eucalyptus missilis 1 P4 Low lying area
Grevillea baxteri 1 P4 Low lying area
Source:  Department of Conservation and Land Management (2002) and Land Monitor (2001b)
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3.5 Risks to agricultural production
William Dalton, Regional Economist
In 2001-02, agriculture was worth $100 M.  Consequently threats to production are of
paramount importance to the economic well-being of the Esperance Shire.
3.5.1 Risks to production
3.5.1.1 Beef
The higher rainfall belt south of Merivale Road is home to two types of production.
The Department of Agriculture has classified these as Primary Beef Zones (Figure
22).  Both zones face greater threats from environmental hazards and industry
displacement than the dominant beef production zone to the north of Fisheries Road.
These threats include waterlogging, acidity, higher land prices and farm forestry
incursion.  Overstocking in some western areas is also a threat, as this has a
relatively higher occurrence of drought and consequently increased risk of wind
erosion compared to the primary zones.  Such threats may force producers to
expand into other areas and a beef expansion area has been identified which
stretches 10 kilometres north of Fisheries Road.  Animal health is also a key risk for
the beef industry given the recent outbreaks of Bovine Spongiform Encephalopathy
(BSE) overseas and Ovine Johnes Disease (OJD) in the Eastern States.
Figure 22: Beef production zones
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3.5.1.2 Cropping
Of the many risks facing cropping, herbicide resistance and the consequent failure of
chemical-dependent no-till farming systems is foremost.  Others include wind erosion
damaging peas on sandy-surfaced soils in the drier areas, and soil acidity, which
reduces the availability of nutrients.  Nutrients are also being depleted by increased
run-off and recharge with increased nutrient and chemical loads.
3.5.1.3 Sheepmeat and wool
Variability in prices is considered a real threat to both of these industries. Outbreaks
of animal diseases, currency movements and progress on trade policy reform will all
affect their futures. Uncertainty about the extent and duration of the world economic
downturn poses a major risk to wool prices in the short-term.  Based on current
consumption trends and prices for the last 10 years, world consumption should
continue to drop for wool.  Biological problems such as drench resistance coupled
with financial pressure of maintaining flock numbers in drought add to risks.
3.5.2 Market forecasts and long-term outlook
The exchange rate is one of the key domestic macro-economic variables for
Australias primary industries because most international contracts are denominated
in United States currency (US$). Significant movements in the Australian Dollar
(AUS$) against the US$ will markedly influence commodity returns.
It is estimated that the AUS$ will average US$0.55 in 2002-03, primarily due to
favourable interest rate differentials with the United States, and the world economy
growing by around 3 per cent.  Economic growth in Australia is expected to be
slightly above 3 per cent in 2002-03, which is around half a per cent point lower than
in 2001-02 due to the poor growing season.
3.5.2.1 Beef
In 2002-03, live cattle exports from WA are forecast to be similar to 2001-02 and
slaughterings are expected to decline slightly.  Saleyard prices are forecast to decline
in Australia by more than 20 per cent in part due to subdued demand from Japan
following an outbreak of BSE and a rise in Australian production. Over the medium
term (2006-07) cattle prices are projected to decline further due to rises in US
production and exports.
3.5.2.2 Cropping
WA is forecast to produce nearly 7 million tonnes (Mt) of grain for the 2002-03
growing season, down4 Mt from the previous year.  Grain on average contributes
about half of the States GVAP, although this year will supply only 40 per cent. The
impact of lower yields on State GVAP will be a 14 per cent decline from 2001-02 to
$4.2 billion. The value of agricultural exports is also expected to decline by 10 per
cent to approximately $3.4 billion.
Australian grain prices in particular are subject to movements in the US$. As little as
a one-cent appreciation of the AUS$ reduces the price paid to Australian farmers by
$5/tonne.  Subsequently, over the medium-term grain prices are expected to fall as
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the AUS$ is likely to appreciate in line with world economic recovery and growth.
Table 14 lists estimated production for 2002-03 and prices in 2003-04 for the State,
the Esperance Shire and the catchment.
Table 14: Estimated crop production for 2002-03 and expected prices for
2003-04, for WA, Esperance Shire and Beaumont-Condingup area
Production in 2002-03  (‘000 tonnes)
Crop
WA Esperance Shire BCA
Expected prices
2003-04 ($/t)
Wheat 4,500 220 100 240-260
Barley 1,200 190 75 220-240 (malt)
170-200 (feed)
Canola 0.3 24 11 430-450
Lupins 0.6 18 9 220-240
3.5.2.3 Wheat and barley
Australian wheat prices are forecast to soften in 2003-04 given that the AUS$ is
expected to appreciate.  Prices could rise if there are production problems in North
America. The prospects are for lower world wheat prices with the APW (10 per cent
protein) estimated pool price between $240 and $260 per tonne.
Malting barley prices are expected to fall slightly from record highs in 2002 due to
anticipated improved production in Australia and Canada.
3.5.2.4 Canola and lupins
Returns from canola are expected to remain strong in 2003-04, but likely to fall from
current levels due to anticipated improved growing conditions and production in
Canada and Australia.  Lupin prices are also likely to be slightly lower.  An
appreciating AUS$ has the potential to cut returns to growers over the medium term.
3.5.2.5 Sheep and wool
The focus in 2002-03 is likely to remain on supplies for processing and live export.
However, the coming season will continue to be difficult because of low pasture
availability in areas with lower rainfall, such as north of the Beaumont community hall.
Demand should remain strong throughout 2002-03 and due to lower availability,
prices should follow a similar pattern to 2001-02.  ABARE is forecasting a 15 per cent
increase in lamb production over the five years to 2006-07.  Rising lamb supplies are
forecast to result in an easing of prices but strong export demand from the US should
ensure prices are not affected too greatly.
Low supply will keep wool prices high. The Western Market Indicator is expected to
average 793 cents per kilogram clean in 2002-03, up 4 per cent from the previous
season. With wool prices remaining high relative to other fibres, there is likely to be
some substitution by processors away from wool.  Downward pressure should be
maintained on wool over the medium term due to intense competition between fibres.
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4. Management options and impacts
This section sets out options for managing hazards.  Factors such as soil type,
annual rainfall, enterprise mix and financial structure will determine what is the most
suitable approach for a farm business.
4.1 Land management
Jamie Bowyer and John Bourke, Development Officers
The ability of a plant to use water affects groundwater recharge.  Perennial plants
use more water than annuals because they have deeper root systems and can use
water all-year-round.  Perennial pastures, fodder shrubs, commercial tree plantings
and either revegetation or protecting remnant vegetation, are ways to reduce
recharge.
Some annual crops and pastures can be manipulated to use more water.  However,
this will have a minimal impact on the level of recharge, so the choice of farming
system should be based on profitability.
Warm season crops are often suggested as a tool for assisting in recharge
management.  A range of species and varieties has been grown in the Esperance
district with varying success.  At present, the overall effect on recharge is not known,
but research is underway to find out.
The following soil sheets outline the most suitable options for reducing recharge in
the most common soil groups in the area.  The recharge estimates have been
calculated using AgET, which is a water balance calculator (Argent 1998).  Recharge
has been calculated as percentage of rainfall using 400 mm for the mallee soils and
525 mm for the sandplain soils.
Table 15 lists options for managing common land hazards in the area.
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Soil sheets showing land management hazards and water use options
Soil group Land management hazards Water use options Recharge as % of400 mm rainfall zone
ALKALINE GREY SHALLOW
SANDY DUPLEX
and
ALKALINE GREY SHALLOW
LOAMY DUPLEX
and
ALKALINE GREY DEEP
SANDY DUPLEX
Description:
Duplex soil w ith sandy loam or
sand over alkaline, sodic and
domed subsoils.  High production
in good years. Nutrient availability
is low  because of pH.
Current agriculture:
Pasture/cereal, pasture/2 cereal
or continuous crop rotations
including combinations of
pea/w heat/barley/canola. Pasture
species are medics, sub. clover or
serradella depending on pH and
depth of sand.
High w ind erosion w here surface is
loose
Moderate w ater erosion on slopes
Shallow  rooting depth (<50 cm) due
to high bulk density of subsoil
Very low waterlogging hazard
High salinity risk in low-lying f lat
areas
Low  subsurface acidif ication risk
Nil to low  risk of subsurface
compaction
Current agriculture:
Pasture/cereal or continuous crop
Options:
Perennial pastures
Lucerne as a phase in crop rotation
2 lucerne/2 cereal
Trees
Oil mallees (Eucalyptus & Melaleuca
spp.) for oil & biomass; sugar gums for
logs
Pre-clearing vegetation
5-10
0-5
0-5
0-5
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Soil sheets (continued)
Soil group Land management hazards Water use options Recharge as % of400 mm rainfall zone
CALCAREOUS LOAMY
EARTH
Description:
Shallow  sand (sometimes absent)
over loam over clay. Similar to
kopi.  Alkaline throughout and
highly saline subsoil
Current agriculture:
No typical rotation but the
follow ing crops are grown - peas,
wheat, barley, canola and other
pulses. Pastures are largely
medic-based
Low  risk of wind erosion
Low  to moderate risk of w ater
erosion
Moderate to high risk of soil
structure decline
Rooting depth 30 cm
Highly saline below  30 cm
Not prone to acidif ication
Current agriculture:
Pea/w heat/canola/barley
Options:
Perennial pastures
Not many options due to low  rainfall.  Tall
wheat grass and lucerne in better areas.
Trees
Oil mallees (Eucalyptus & Melaleuca
spp.) for oil & biomass
Pre-clearing vegetation
5-10
0-5
0-5
0-5
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Soil sheets (continued)
Soil group Land management hazards Water use options Recharge as % of
525 mm rainfall zone
GREY DEEP SANDY
DUPLEX
Description:
Duplex soil w ith sand over gravel
over clay at around 80 cm. Land
use determined by depth to gravel
as shallow  gravels can cause
waterlogging and limit crop
options.
Current agriculture:
Lupin/w heat/canola/w heat (or
barley), or 2 pasture/barley in
higher rainfall and w here
shallow er profiles cause
waterlogging.  Annual pasture
legume species are sub. clover or
serradella.  Some perennial grass
pastures in higher rainfall areas.
High risk of w ind erosion
Moderate risk of w ater erosion in
sloping landscapes
Low  risk of soil structure decline
Moderate rooting depth (30-80 cm)
Low  waterlogging risk in f lat and
low-lying areas, very low  to nil in
sloping areas
Moderate risk of subsurface
acidif ication
Current agriculture:
Lupin/w heat/canola/w heat
Options:
Perennial pastures
A range of perennial pasture species is
suited including kikuyu, Rhodes grass,
perennial veldt grass and lucerne
Fodder shrubs
Tagasaste on deeper, w ell drained sites
Trees
Sugar gums for logs, blue gums for chips
Pre-clearing vegetation
10-15
2-8
2-6
2-6
2-6
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Soil sheets (continued)
Soil group Land management hazards Water use options Recharge as % of
525 mm rainfall zone
GREY SHALLOW SANDY
DUPLEX
Description:
Less than 30 cm sand over clay,
sand may contain gravels.
Shallow  rooting depth and
waterlogging limits crop options.
Current agriculture:
Permanent annual pasture,
2 pasture/cereal or
3 pasture/cereal.  Some perennial
pastures including phalaris.
Raised beds increasing cropped
area and allow ing lupins and
canola to be grow n more reliably.
High risk of w ind erosion
Moderate risk of w ater erosion in
sloping landscapes
Shallow  (<50 cm) rooting depth due
to clay subsoil
Moderate to high risk of soil
structure decline due to shallow ,
often sodic, subsoil that may be
brought to the surface by cultivation
(past or present)
Low  risk of subsurface acidif ication
Low  to moderate risk of
waterlogging in f lat and low-lying
areas.  Nil to very low  in sloping
landscapes
High risk of w ater repellence
Current agriculture:
Permanent annual pasture or
pasture/cereal in low er rainfall areas
Options:
Perennial pastures:
Phalaris, tall w heatgrass and to a lesser
extent, kikuyu. Straw berry clover in
summer w et sites
Fodder shrubs:
Acacia saligna
Trees:
Oil mallees (Eucalyptus & Melaleuca
spp.) for oil & biomass; f lat-topped yate
for logs
Pre-clearing vegetation
10-13
5-10
2-6
2-6
2-6
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Soil sheets (continued)
Soil group Land management hazards Water use options Recharge as % of
525 mm rainfall zone
PALE DEEP SAND
Description:
Deep fine sand, grey at the
surface grading to w hite then
yellow . Low nutrient status with
poor moisture-holding capacity.
Current agriculture:
Lupin/cereal or lupin/cereal/
canola or permanent annual
pasture in higher rainfall areas.
Areas of perennial veldt grass
and tagasaste. Annual legume
pasture species are sub. clover or
serradella depending on sand
depth and potassium nutr ition.
High w ind erosion risk, increasing to
extreme on exposed crests and
ridges
Moderate w ater erosion risk on
slopes and ridges, low  on f lat areas
Low  to moderate moisture-holding
capacity
Moderate risk of subsurface
acidif ication
Deep rooting depth (80-150 cm +)
High risk of w ater repellence
Low  risk of soil structure decline
Nil to very low  risk of waterlogging in
flat, low -lying areas
Current agriculture:
Lupin/w heat
Options:
Annual pastures
Serradella
Perennial pastures
Perennial veldt grass, Rhodes grass,
lucerne and kikuyu on better sites
Fodder shrubs
Tagasaste is ideally suited
Trees
Marit ime & radiata pine & tuart for logs,
blue gum for chips & logs
Pre-clearing vegetation
15+
15+
5-10
2-8
0-5
0-5
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Soil sheets (continued)
Soil group Land management hazards Management options Recharge as % of
525 mm rainfall zone
SALINE SOILS
Description:
All soils can become salt-
affected.  How  each soil reacts to
salt depends on the soils
hydraulic conductivity.
Soils affected by salt are usually
subject to w aterlogging, f looding
or shallow  watertables, w hich
normally occur on f lat
landscapes, like valley f loors, salt
lakes, and along drainage lines.
Current agriculture
Often not used
Currently saline
High risk of w aterlogging
Susceptible to w ater erosion
particularly along saline drainage
lines
High risk of w ind erosion on areas
without vegetative cover
Current agriculture
Limited current use
Often not utilised
Options:
Perennials
Saltbush, tall w heat grass, puccinellia
and balansa clover
Mounding should be considered
No recharge f igures
available for these soil
types which may have
existing shallow
watertables that
interfere w ith recharge
modelling
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Table 15: Options for managing hazards
Land management
hazard
Principal management options
Water repellence • claying
• furrow sowing
• use of wetting agents
Wind erosion • maintaining ground cover at adequate levels - on soils at risk, ground
cover needs to be at least 50 per cent
• claying blowouts
Subsurface acidity • liming - given the variability of pH over even small areas, it is
recommended that landholders include pH monitoring of high risk soils in
management plans
Waterlogging • agronomic options, such as applying fertil iser to assist crops to recover,
and using farming systems that are less su sceptible
• engineering options, such as surface water management and raised bed
cropping
Soil structure decline • gypsum topdressing - is best used in conjunction with tillage reduction
and practices that increase the organic carbon content of the soil
• remove stock from bad paddocks when wet
Water erosion • maintaining vegetation cover
• surface water management structures, such as grade banks
4.2 Economic analysis of land management options
William Dalton, Regional Economist
The following section examines the effects on cash flow, establishment costs, and
the factors affecting viability of the different land management options available for
the dominant soil types.
4.2.1 Agronomic options
4.2.1.1 Perennial pastures
Farmers implementing a perennial pasture phase can expect negative cash flow in
the first year with full cost recovery in two to seven years. Establishment costs range
from $100-150/ha. Economic viability depends on the nutritional benefits of the
established pasture, livestock and wool prices, and availability and cost of other
feeds.
Some perennials such as balansa clover provide highly digestible summer feed that
could be worth up to $45/ha.  For every 5 per cent increase in digestibility in summer,
profit can increase by about $15/ha.  A 10 per cent increase in growth rate in spring
is worth a further $4/ha. Increases in profit can reach $80/ha if pasture production is
50 per cent higher than the pasture being replaced.
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4.2.1.2 Tree crops
The economics of farming oil mallees will be heavily dependent upon processing
plants and adequate markets in nearby regional centres.  Recent Department of
Agriculture research has shown that if such infrastructure exists, then land with an
operating profit below $80/ha (e.g. cropping and pasture rotations) could be more
profitable if planted to oil mallees.  Establishment costs are high at around $1,400/ha
and it usually takes four to five years before the first harvest.  Subsequent harvests
might be only every second or third year.  However, over a 20-year period, total
returns could be better than traditional farming systems.
An on-farm price of $15/tonne net of harvest costs for the biomass is forecast if
production is located within 50 km of a processing plant. With two-year intervals
between harvests, returns of $570-600/ha every second year are very attractive
compared to crop/pasture returns of $80-100/ha.
Establishment and maintenance costs are similar for pines, blue gums and eucalypts.
Costs range from $1,200-1,400/ha if established entirely by contractors, and
$600-800/ha if done by the landholder.  Maintenance costs throughout the life of the
trees are about $1,000/ha, which includes fertilising and weed control (Ted English,
Executive Officer of the South East Forest Foundation, pers. comm).
For maritime pines, harvest returns from the first thinning may not be for 12 to 15
years and the final harvest may be 30 to 35 years away. On a seven per cent
discounted annual cash flow basis, pines with average yields are more profitable than
an existing enterprise with net margins of less than $58/ha.  If a low pine yield is
forecast, the break even net margin is $40/ha, and if the forecast yield is higher, the
break even net margin is $69/ha.
4.2.1.3 Fodder shrubs
Tagasaste establishment costs range from $100 to $150/ha, with ongoing
maintenance and new fences usually required.  Well-managed stands can be
profitable.  Economic viability heavily depends on economies of size, establishment
success, livestock prices, and the availability and cost of other feeds.
4.2.1.4 Annual pastures
Serradella establishment costs usually range from $15 to 25/ha for seed and
knockdown, plus about $40/ha for fertiliser and $8/ha for insecticide.  A normal phase
in the sandplain would last for two years, while in the northern areas, the phase is
closer to one year.  Economic viability depends on the nutritional benefits to the
following phase, establishment success, livestock and wool prices, and the
availability and cost of other feeds.
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4.3 Water management
Section 4.1 provided plant water use options to reduce recharge and plant species to
make productive use of salt-affected land.  Other options are increasing discharge
with drains and pumps, and reducing recharge through surface water management.
4.3.1 Groundwater management
To protect priority resources such as prime agricultural land, infrastructure and high
value conservation areas, groundwater drainage and/or pumping may need to be
considered in some situations to complement other salinity management options.
Subsurface drainage and pumping systems can increase groundwater discharge
rates and relieve the hydraulic pressure of the aquifer.
The success of any groundwater drainage or pumping system depends on the size
and characteristics of the contributing groundwater flow system.  These systems are
expensive with the costs often exceeding the benefits.
4.3.1.1 Groundwater drainage (open deep or leveed open deep drains)
Deep drains can be used to lower watertables to prevent the additional accumulation
of salts, while allowing rainfall to leach salt from the soil profile.  They tend to be
deeper than 1 metre and either open or closed to surface water flow.  The
effectiveness of deep drains is variable, particularly in flat landscapes with low
groundwater gradients and subsoils with low permeability, as found in the study area.
Deep drains in sandy soils have a high risk of wall-instability and slumping.  They
need to be designed to handle surface and flood flows, as these can cause erosion
and sedimentation.
4.3.1.2 Groundwater pumping (mechanical and b iological)
Using mechanical pumps (production wells) is a costly method of removing
groundwater to lower watertables, however they can be effective and economic in
protecting high value assets.  A single pump will have a minimal radial effect on
groundwater levels, so most systems will need a number of bores.  The hydrological
effectiveness of a pumping system relies on the underlying aquifer having high
permeability and a good hydraulic connection to the soil surface.
Most species of trees, shrubs and perennial pastures do not use groundwater stored
within aquifers.  In shallow watertables some plants draw water from above the
capillary fringe of the watertable and this is then replaced by water drawn up from the
aquifer.  In these situations trees can lower watertables by 1 to 2 metres, but they are
less effective where groundwater is saline.  There is generally only minimal
drawdown of watertables 10-30 m from planted areas.  Perennials are most effective
on localised groundwater flow systems particularly in reducing seepage from perched
aquifers.
4.3.1.3 Responsibilities (legal and community)
Current legislation (Soil and Land Conservation Act) requires landholders that are
proposing
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to drain or pump water from under the land surface because of salinity
and to discharge that water onto other land, into other water or into a
watercourse,
to notify the Commissioner of Soil and Land Conservation, in writing, at least 90 days
before the works commence (Notice of Intent to Drain or Pump).
Disposing of drainage water in an environmentally sound and practical manner is
essential.  Where the landscape is internally drained, the volume of drainage water
removed in surface flow is extremely limited.  It is not acceptable for a landholder to
increase the volume of water or salt leaving their property if it significantly contributes
to waterlogging, salinity or flooding on neighbouring private or public land.  To
prevent this, evaporation basins or ponds can be constructed to evaporate or store
the excess water.  Basins and ponds need to be designed to ensure that they have
adequate capacity, are not at risk from flooding and do not leak or they may lead to
further land degradation.
4.3.2 Surface water management
John Bourke, Development Officer
The recommended approach is to reduce surface water flow with sound soil
management practices, and manage the remaining flow with earthworks; however,
earthworks have limited application due to the flatness of most of the area.
4.3.2.1 Land management options
Year-round vegetation cover reduces surface water run-off by using water where it
falls.  Options include:
• protecting remnant vegetation;
• revegetating with native or commercial tree species;
• intercropping with lucerne;
• phase farming with lucerne; and
• establishing perennial pastures.
4.3.2.2 Soil improvement options
Options aim to reduce the volume of surface water by increasing retention. Gypsum
can be used on the shallow duplex soils that have developed a hardsetting surface.
Claying is an option for the deep sandy soils that have become non-wetting.  Ripping
in the deep sandy soils loosens compacted layers and improves permeability.  Table
16 shows which soil groups are likely to benefit from gypsum, claying or ripping.
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Table 16: Soil improvement options for seven major soil groups
Soil group Area (ha) % oftotal Gypsum Claying Ripping
Grey deep sandy duplex 117,000 23 ! !
Pale deep sand 112,000 22 ! !
Alkaline grey shallow sandy duplex 63,000 12 !
Alkaline grey deep sandy duplex 38,000 7 ! !
Grey shallow sandy duplex 34,000 7 !
Alkaline grey shallow loamy duplex 27,000 5 !
4.3.2.3 Earthwork options
Slope classes of the 12 most common soil-landscapes are summarised in Table 17.
Much of the area has a slope of less than 1 per cent.  The most appropriate
structures in these areas are shallow relief drains such as scraper and W-drains.
The most common sandplain areas have slopes suitable for earthworks. However
deeper sands should be avoided as a suitable clay base is needed to carry water.
Mallee slopes and soil types are suitable for earthworks, however it may be difficult to
find safe disposal areas because areas are predominantly internally drained.
Table 17: Area of slope classes
Slope class and area (ha)Soil-landscape
0-1% 1-3% 3-5% 5-10% 10%+
Sandplain
Es1 38,000 12,000 1,000 0 0
Es6 36,000 11,000 1,000 0 0
Es5 21,000 5,000 1,000 0 0
Es2 14,000 9,000 1,000 0 0
Co1 12,000 6,500 1,000 500 0
Mv1 10,800 4,500 1,000 600 300
Mv2 7,900 4,600 1,000 500 100
Th2 1,400 3,100 2,400 4,400 4,100
Mallee
Ha1 12,000 17,000 5,000 1,000 0
Ha5 19,000 13,000 2,000 0 0
Ha4 7,100 6,100 900 300 0
Bu2 16,000 12,000 1,000 0 0
Total 195,200 103,800 18,300 7,300 4,500
Source: Land Monitor (2001d)
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4.3.3 Waterways
Kaylene Parker, Rivercare Officer, Department of Environment, Water and
Catchment Protection
Agricultural systems and tourism can harm waterways if not managed carefully.  The
following actions are recommended:
• Examine grant options to help fence remaining sections of unfenced waterways.
• Continue water quality monitoring to determine long-term changes to salinity and
nutrient levels.  Also conduct random pesticide sampling.
• Assess groundwater trends to determine potential risk of secondary salinity in the
soil-landscapes adjacent to the coast.
• Assess current extent of damage by recreational use, and provide
recommendations to land managers.
• Encourage interpretive facilities to raise awareness of the waterways in the area.
• Increase community awareness of the value of the waterways east of Esperance.
• Conduct further ecological assessment of the waterways, including foreshore
vegetation transects, macro-invertebrate (such as insects and shellfish),
macrophyte (aquatic plant) and native fish surveys.
4.3.4 Water resources
Water run-off is difficult to harvest because of low slopes and sandy-surfaced soils.
Dams with silt traps, piped inlets, improved catchments and regular maintenance, will
improve the reliability of farm water supplies.
Most roof catchments are under-utilised and rainwater tanks could be arranged to
harvest excess water that usually overflows as waste from large events.
Perched aquifers within the deeper sands of the Condingup soil-landscapes and in
the higher rainfall sandplain area closer to the coast are potentially useful and are
worth investigating to determine distribution, yield and reliability.
It is worth noting that the perched aquifers and large areas of ponded water slowly
leak down through the regolith and recharge deeper saline aquifers, particularly in
wetter years.  Consequently, a potential water resource that is not currently being
used is adding to the future shallow groundwater problem.
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5. Further information and contacts
Topic Organisation Local contact Website address
Climate Bureau of Meteorology www.bom.gov.au/climate
Farming Systems
and Group
Development
Farming
Systems
Development
Officer
www.agric.wa.gov.au
Soils & Land Use Soil Resource
Officer
www.agric.wa.gov.au/progser
v/natural/assess/
www.agric.wa.gov.au/progser
v/natural/assess/lra_soil_map
ping.htm
Surface water
management
www.agric.wa.gov.au/drains
Productive uses
for saline land
Farming
Systems
Development
Officer
Department of
Agriculture,
Esperance District
Off ice
Tel:  (08) 9083 1111
Fax: (08) 9083 1100
Hydrologist
Land Monitor www.landmonitor.w a.gov.au
Groundw ater &
salinity
- salinity mapping
- national audit
National Land and Water Resource Audit www.nlwra.gov.au
Waterw ays &
Wetlands
Department of
Environment, Water and
Catchment Protection,
Albany Regional Off ice
Tel:  (08) 9842 5760
Fax: (08) 9842 1204
Rivercare
Officer
www.wrc.wa.gov.au
Native
Vegetation
Department of
Conservation and Land
Management,
Esperance District
Off ice
Tel:  (08) 9071 3733
Fax: (08) 9071 3657
Catchment
Conservation
Officer
www.calm.w a.gov.au
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Available Farmnotes - Department of Agriculture
Drainage and pumping
42/2001 Relief wells in Southern WA
20/2001 Groundwater pumping for salinity control
47/1993 Notification of draining or pumping saline land
9/1991 Responsibilities of Landholders under agricultural Acts: Water and Drainage
79/1986 Legal aspects of land drainage
66/1985 Controll ing surface water flow above salt-affected areas
General
5/2002 Climate change projections and impacts for WA (replaces Farmnote 8/90)
40/2001 National audit on dryland salinity
8/2000 Salinity at a glance
71/99 Tolerance of plants to salty water
59/88 Livestock and water salinity
Management and monitoring
59/2002 Monitoring groundwater levels (replaces 102/00)
105/2001 Measuring salinity on the farm
39/2001 Recharge management for salinity control
18/2001 Airborne geophysics  a tool for salinity asse ssment and management
103/2000 Environmental management systems for agriculture
44/97 Sub-catchment management plans
19/96 Does Landcare pay?  benefit and cost studies
35/91 A simple way to monitor your saltland
133/84 Saltland management  the catchment approach
Perennial pastures
84/2001 Lucerne: a high water use production package
54/2001 Running breeding cows on tagasaste in conjunction with a cropping enterprise
53/2001 Running breeding cows predominantly on tagasaste
52/2001 Using tagasaste for sheep production
51/2001 Finishing cattle on tagasaste
43/2001 Native perennial grass based pastures for livestock
36/2001 Grazing sheep and cattle on dryland lucerne
135/2000 Lucerne in pasture crop rotations  establishment and management
51/2000 Establishment of the perennial fodder shrub Tagasaste
12/98 Niche perennial grasses for the Esperance Sandplain
11/98 Well-adapted perennial grasse s for the Esperance Sandplain
59/96 Green feed in summer
8/93 Establishing perennials in areas with less than 700 mm rainfall
53/89 Insect pests in lucerne
79/89 Diseases and their control in lucerne
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Farmnotes (continued)
Saltland agronomy
3/2001 FRONTIERЉ  an early maturing balansa clover for the wheatbelt
47/2000 Saltland pastures: changing attitudes towards saline land
44/2000 Tall wheat grass and balansa clover: A beneficial partnership for waterlogged, mildly
saline soils
84/2002 Establishing balansa and Persian clovers on waterlogged, mildly saline soils
1/99 Puccinellia  for productive saltland pastures
75/96 Harvesting tall wheat grass and puccinellia for seed
81/91 Calculating saltbush seeding rates
87/89 Grazing and management of saltland shrubs
44/86 Saltland management  revegetation
32/86 Saltland management  selecting forage plants for saltland
Soil management
67/2002 Amount of stubble needed to reduce wind erosion
47/2002 Optimum soil pH for crop plants
38/2002 Looking at liming: quality (replaces Farmnote 67/00 and 69/00)
80/2000 Management of soil acidity in agricultural land
78/2000 The importance of soil pH
70/2000 Looking at liming  consider the rate
14/97 Claying water repellent soils
110/96 Assessing water repellence
66/96 Stubble management to control land degradation
65/96 Soil management options to control land degradation
35/96 Preventing wind erosion
57/90 Identifying gypsum-responsive soils
Remnant v egetation
2/2001 Reducing rates and taxes on farm bushland
141/2000 The value and benefits of healthy farm bush
34/99 Regulation 4, governing land clearing
Trees
62/2002 Resuming agriculture after a blue gum plantation
98/2001 Eucalyptus oil mallees
14/2001 Low rainfall farm forestry for the wheatbelt
46/2000 Pioneer plants in revegetation
38/2000 Vegetation buffer zones
80/99 Specialty timbers for the WA wheatbelt
40/98 Direct seeding of native plants for revegetation
37/98 Site preparation for successful revegetation for agricultural regions
36/98 Site assessment for successful revegetation for agricultural regions with less than
600 mm rainfall
27/98 Southern sandalwood: an introduction
31/91 Tree planting for erosion and salt control
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Appendix 1: Description of minor soil-landscapes
Brendan Nicholas, Soil Resource Officer
Table A1: Description of minor soil-landscapes in the sandplain by area
Soil-landscape Description
Condingup System
Co2
(5,000 ha, 1%)
Gently undulating plain with minor swales and wet depressions. Grey deep
sandy duplex soils (some gravelly) with associated Pale deep sand.
Esperance System
Es3
(<1,000 ha, <1%)
Level plain with small playa lakes along incipient saline drainage lines. Grey
deep sandy duplex (gravelly) soils, associated Salt lake soil, and Calcareous
loamy earth showing some signs of secondary salinity.
Es4
(1,000 ha, <1%)
Gently inclined scarp (40 m high) mantled in places by subdued sand sheets,
also dissected by drainage lines in places.  Grey shallow sandy duplex soils and
Pale deep sands with associated Grey deep sandy duplex (gravelly) soils and
minor Wet soils.
Es7
(1,000 ha, <1%)
Level plain with incipient saline drainage lines. Grey deep sandy duplex
(gravelly) soils with associated Pale deep sand and Saline wet soil.
Es9
(<1,000 ha, <1%)
Minor river valleys with moderately inclined slopes. Grey deep sandy duplex
(gravelly) soils with associated Grey shallow sandy duplex soils and Pale deep
sand.
Gore System
Go1
(14,000 ha, 3%)
Poorly drained low-lying coastal plain with very gently undulating sand dunes
and some lakes and swamps.  Alkaline grey sandy duplex soils, Pale deep
sand, minor Calcareous deep sand and Saline wet soil.
Go2
(<1,000 ha, <1%)
Level plain with numerous lakes and swaps and some dunes and sand-sheets.
Saline wet soil and Alkaline grey deep sandy duplex soils with associated Pale
deep sand on dunes and minor areas of Calcareous deep sand.
Go3
(<1,000 ha, <1%)
Large swamps and lakes often inundated for long periods. Dominant soils are
Saline wet soil that is regularly inundated for long periods with minor Pale deep
sand.
Go4
(5,000 ha, 1%)
Gently undulating sand-sheet and subdued dunes with swales.  Pale deep sand
with associated Alkaline grey deep sandy duplex soils.
Jerdacorradup System
Je
(5,000 ha, 1%)
Coastal dunes and sand-sheets.  Pale deep sand and Calcareous deep sand.
Merivale System
Mv3
(11,000 ha, 2%)
Level to very gently undulating plains with poor internal drainage to swamps.
Grey shallow sandy duplex soils with associated Grey deep sandy duplex
(gravelly) and Grey shallow sandy duplex soils.
Mv5
(9,000 ha, 2%)
Gently inclined scarp approximately 40 m in relief.  Dunes and sand-sheets
cover most of the scarp. Pale deep sand and Grey shallow sandy duplex soils.
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Table A1: (continued)
Soil-landscape Description
Ney System
Ne1
(5,000 ha, 1%)
Moderately inclined to steeply inclined crests and slopes of hills. Bare rock and
associated Shallow sands.
Ne2
(15,000 ha, 3%)
Gently inclined to moderately inclined hil lslopes. Grey deep sandy duplex soils
and Pale deep sand with minor shallow gravel and Grey non-cracking clays.
Ne3
(4,000 ha, 1%)
Gently inclined lower slopes of hills and associated rises. Grey deep sandy
duplex soils and Pale deep sands with minor Shallow gravel.
Ne4
(8,000 ha, 2%)
Moderately inclined to steep slopes and sand-sheets on headlands. Bare rock
with areas of Pale deep sand and Grey deep sandy duplex soils.
Thomas System
Th1
(6,000 ha, 1%)
Very gently undulating plains. Grey/brown shallow loamy duplex with associated
Grey shallow sandy duplex soils and minor Pale deep sand.
Toregullup System
To4
(3,000 ha, 1%)
Coastal dunes and sand-sheet gently to moderately inclined.  Calcareous deep
sand.
To5
(30,000 ha, 6%)
Level plain with moderately inclined dune ridges and associated swales with
occasional swamps. Calcareous deep sand with associated Pale deep sand
and minor Calcareous shallow sand.
To6
(4,000 ha, 1%)
Gently undulating plain with sand sheets and dunes in places invading over a
gently inclined coastal scarp.  Pale deep sand and associated Calcareous deep
sand.
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Table A2: Description of minor soil-landscapes in the mallee by area
Soil-landscape Description
Buraminya System
Bu1
(1,000 ha, <1%)
Level to very gently undulating plain. Grey non-cracking clays with associated
Alkaline grey shallow sandy duplex soils and Calcareous loamy earth.
Bu7
(2,000 ha, <1%)
Level to gently undulating plain. Alkaline grey shallow sandy duplex soils and
Calcareous loamy earth with minor Grey non-cracking clay.
Halbert System
Ha3
(<1,000 ha, <1%)
Gently undulating plain. Alkaline grey shallow and Deep sandy duplex soils
with associated Calcareous loamy earth and Pale deep sand.
Scaddan System
Sc1
(3,000 ha, 1%)
Level to gently undulating plain with areas of gilgai microrelief. Drainage is
generally poorly developed and usually internal. Alkaline grey shallow sandy
duplex soils with associated Pale deep sands and minor Deep sandy duplex
and Ironstone gravel soils
Sc2
(5,000 ha, 1%)
Gently undulating plain with occasional subdued sand-sheets and dunes.
Drainage is internal to occasional small swamps. Alkaline grey shallow sandy
duplex with associated Pale deep sand and Alkaline grey deep sandy duplex
soils.
Sc4
(6,000 ha, 1%)
Level plain or plateau of low relief and poor drainage.  Gilgai microrelief is
common. Alkaline grey shallow sandy duplex soils with associated Calcareous
loamy earth and Grey non-cracking clay, minor Deep sands, and Ironstone
gravelly soils.
Sc6
(<1,000 ha, <1%)
Gently undulating plain with fixed shallow incised stream channels flowing in a
unidirectional pattern towards the major rivers. Alkaline grey shallow sandy
duplex soils with associated Calcareous loamy earth, plus other minor soils.
Sc7
(3,000 ha, 1%)
Slightly elevated (upper landscape position) gently undulating plain. Alkaline
grey shallow sandy duplex soils with associated Alkaline red shallow loamy
duplex soils.
Sc9
(4,000 ha, 1%)
Headwater slopes gently inclined to moderately inclined plains and hil lslopes.
Alkaline grey shallow sandy duplex soils and Grey shallow sandy duplex with
minor Saline wet soil.
Sc10
(9,000 ha, 2%)
Slightly elevated (upper landscape position) gently undulating plain.  Some
gilgai microrelief.  Alkaline grey shallow sandy duplex soils with associated
Calcareous loamy earth.
Wittenoom System
Wm1
(2,000 ha, <1%)
Moderately inclined to steeply inclined crests and slopes of hills. Bare rock and
associated Stony soils.
Wm2
(7,000 ha, 1%)
Gently inclined to moderately inclined slopes of hills.  Alkaline grey shallow
sandy and Loamy duplex soils with associated Pale deep sand, minor Non-
cracking clays and Shallow gravel.
Wm3
(8,000 ha, 2%)
Gently inclined lower slopes and associated plains of hills.  Alkaline grey
shallow sandy duplex and Loamy duplex soils with associated Pale deep sand,
and minor Shallow gravel.
BEAUMONT-CONDINGUP AREA APPRAISAL
67
Appendix 2: Summary of groundwater monitoring bores
John Simons, Hydrologist
Table A3: Groundwater monitoring bores in the sandplain
Bore
code
Soil-
landscape
Year
drilled
Date
groundwater
level measured
Groundwater
level bgl
(m)
Average
groundwater EC
(mS/m)
Groundwater
level trend
(m/yr)
AG5 Co1 1993 Apr-02 5.85 75 NA*
CF4 Co1 1998 Apr-02 4.20 7,500 NA
CF6 Co1 1998 Jan-02 6.65 6,200 NA
DS1H Co1 1989 Jan-02 7.30 2,700 0.02
DS2D Co1 1989 Feb-01 0.20 1,600 NA
DS2i Co1 1989 Feb-01 0.25 1,600 NA
DS2S Co1 1989 Feb-01 0.35 1,600 NA
EM59 Co1 1988 Apr-02 17.75 740 0.08
TF1 Co1 1993 Aug-01 4.60 760 NA
TF16 Co1 1993 Aug-94 3.80 520 NA
TF17 Co1 1993 Aug-94 3.40 NA NA
TF2 Co1 1993 Aug-01 4.75 350 NA
TF3 Co1 1993 Aug-01 4.85 160 0.34
TF4 Co1 1993 Aug-01 4.90 490 0.34
TF8 Co1 1993 Aug-01 2.70 85 NA
EF48 Co2 1988 Jan-02 10.80 2,500 0.08
AG3 Es1 1993 Apr-02 16.60 900 0.03
AG4 Es1 1993 Jan-02 15.95 2,900 NA
CF3 Es1 1998 Jan-02 6.35 2,300 NA
CF7D Es1 1998 Apr-02 3.60 3,200 NA
CF7S Es1 1998 Apr-02 2.55 2,500 NA
EE49 Es1 1988 May-99 9.90 1,100 0.06
EE50 Es1 1988 Jun-94 11.90 600 0.04
EM10 Es1 1988 Apr-02 2.70 290 0.15
EM11 Es1 1988 Apr-02 5.60 550 0.35
EM62 Es1 1988 Apr-02 13.95 3,300 0.05
GS12A Es1 1994 Apr-02 3.60 5,000 NA
GS12B Es1 1994 Apr-02 3.25 3,300 NA
GS14 Es1 1994 Apr-02 3.85 4,300 NA
BEAUMONT-CONDINGUP AREA APPRAISAL
68
Table A3: (continued)
Bore
code
Soil-
landscape
Year
drilled
Date
groundwater
level measured
Groundwater
level bgl
(m)
Average
groundwater EC
(mS/m)
Groundwater
level trend
(m/yr)
TF9 Es1 1993 Aug-01 5.70 NA NA
EG41 Es2 1988 Apr-02 16.55 2,400 0.04
GR3 Es2 1986 Jan-02 17.45 4,400 0.27
EF46 Es5 1988 Jan-02 13.65 2,200 0.06
EF47 Es5 1988 Jul-98 11.45 3,300 0.08
EG40 Es5 1988 Jan-02 15.65 2,200 0.04
EH4 Es5 1988 Jan-02 12.50 2,900 0.06
EM34 Es5 1988 Jan-02 5.40 560 0.06
EM53 Es5 1988 Jan-02 11.35 1,200 0.15
AG6 Es6 1993 Jan-02 dry NA NA
EF45 Es6 1988 May-01 13.25 1,500 0.06
EG21 Es6 1988 Jan-02 12.15 3,700 0.02
EG22 Es6 1988 Apr-02 14.20 3,700 0.06
EG23 Es6 1988 Apr-02 14.35 3,700 0.06
EG28 Es6 1988 May-99 17.95 3,500 0.03
EG34 Es6 1988 Jan-02 17.80 3,200 0.05
EG36 Es6 1988 Apr-02 13.70 2,700 0.02
EH1 Es6 1988 May-99 12.75 3,300 0.03
EH18 Es6 1988 Jul-98 dry NA NA
EH2 Es6 1988 May-99 13.50 2,000 0.08
EH3 Es6 1988 Apr-02 13.85 3,000 0.11
EM27 Es6 1988 Apr-02 10.25 2,300 0.15
EM38 Es6 1988 Apr-02 10.30 2,300 0.29
EM51 Es6 1988 Jan-02 12.65 1,600 0.06
EM52 Es6 1988 Jan-02 2.10 850 0.02
EM54 Es6 1988 Jan-02 13.20 1,100 0.15
EM55 Es6 1988 Jan-02 2.05 140 0.21
GR10 Es6 1994 Jan-02 17.00 1,800 0.2
GR11 Es6 1994 Jan-02 17.20 1,900 0.29
GR12 Es6 1994 Apr-02 15.00 2,700 0.3
GR15 Es6 1995 Jun-97 13.20 2,500 0.2
GR16 Es6 1995 Jan-02 12.35 2,800 0.42
GR5 Es6 1986 Jan-02 6.50 1,900 NA
GR9 Es6 1994 Jan-02 dry NA NA
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Table A3: (continued)
Bore
code
Soil-
landscape
Year
drilled
Date
groundwater
level measured
Groundwater
level bgl
(m)
Average
groundwater EC
(mS/m)
Groundwater
level trend
(m/yr)
TF14 Es6 1993 Jul-98 12.15 3,200 NA
TF15 Es6 1993 Jul-98 12.55 2,800 NA
WB1 Es6 1994 Nov-95 14.60 3,000 NA
WB2 Es6 1994 Mar-96 15.55 NA NA
WB3 Es6 1994 Mar-96 14.50 NA NA
WB4i Es6 1994 Nov-95 14.10 2,800 NA
WB5D Es6 1994 Mar-95 14.00 2,700 NA
WB6 Es6 1994 Mar-95 dry NA NA
WB7 Es6 1994 Mar-95 dry NA NA
WB8 Es6 1994 Mar-95 dry NA NA
WB9 Es6 1994 Mar-95 dry NA NA
CF5 Es7 1998 Jan-02 2.00 2,900 NA
EI11 Mv3 1988 Jan-02 6.95 2,300 NA
EI9 Mv3 1988 Jan-02 17.90 2,700 0.05
CF2 Ne2 1998 Jan-02 dry NA NA
EM36 Ne2 1988 Jan-01 14.80 2,900 0.08
GR1 Ne2 1986 Jan-02 5.70 1,400 0.17
GR2 Ne2 1986 Jan-02 dry NA NA
GR4 Ne2 1986 Jan-02 dry NA NA
TF6 Ne3 1993 Aug-01 dry NA NA
TF7 Ne3 1993 Aug-01 dry NA NA
EG38 Th1 1988 Jan-02 15.60 3,000 0.03
EI43 Th2 1988 Jan-02 3.65 3,400 0.1
* Not available
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Table A4: Groundwater monitoring bores in the mallee
Bore
code
Soil-
landscape
Year
drilled
Date
groundwater
level measured
Groundwater
level bgl
(m)
Average
groundwater EC
(mS/m)
Groundwater
level trend
(m/yr)
AG9 Bu2 1993 Apr-02 12.40 4,800 0.16
MB15 Bu2 1999 Jan-02 1.75 3,000 NA*
MB25 Bu2 2000 Apr-02 7.15 5,900 NA
MB25D Bu2 2000 Apr-02 7.15 6,100 NA
MB30 Bu2 NA Apr-02 7.15 5,100 NA
TL1 Bu2 1987 Apr-02 2.95 6,000 0.17
TL10 Bu2 1989 Apr-02 8.95 5,100 0.11
TL11 Bu2 1989 Apr-02 7.50 4,300 0.23
TL12 Bu2 1989 Apr-02 7.05 5,300 0.24
TL13 Bu2 1990 Jan-02 10.50 160 NA
TL14 Bu2 1990 Jan-02 8.55 4,500 NA
TL3A Bu2 1987 Apr-02 2.05 4,500 0.08
TL3B Bu2 1987 Apr-02 2.05 3,100 NA
TL4A Bu2 1987 Apr-02 2.60 5,300 0.08
TL4B Bu2 1987 Apr-02 2.05 2,500 NA
TL5A Bu2 1987 Apr-02 dry NA NA
TL5B Bu2 1987 Apr-02 dry NA NA
TL6A Bu2 1987 Jan-02 5.35 5,800 0.02
TL6B Bu2 1987 Jan-02 dry NA NA
TL7 Bu2 1989 Apr-02 6.20 5,200 0.15
TL8 Bu2 1989 Apr-02 6.50 4,900 0.04
TL9 Bu2 1989 Apr-02 7.45 4,500 0.09
MB2D Bu7 1984 Apr-02 11.45 5,200 0.08
MB2i Bu7 1984 Apr-02 dry NA NA
MB2S Bu7 1984 Apr-02 dry NA NA
CF1D Ha1 1998 Jan-02 3.15 5,100 NA
CF1S Ha1 1998 Jan-02 3.30 4,500 NA
MB22 Ha4 2000 Apr-02 4.25 4,900 NA
MB24 Ha4 2000 Apr-02 2.95 1,100 NA
MB3D Ha4 1984 Apr-02 7.55 5,800 0.07
MB3i Ha4 1984 Apr-02 dry NA NA
MB3S Ha4 1984 Apr-02 dry NA NA
AG8 Ha5 1993 Apr-02 7.90 5,600 0.08
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Table A4: (continued)
Bore
code
Soil-
landscape
Year
drilled
Date
groundwater
level measured
Groundwater
level bgl
(m)
Average
groundwater EC
(mS/m)
Groundwater
level trend
(m/yr)
GR6 Ha5 1986 Jan-02 5.70 4,800 0.23
GR7 Ha5 1986 Jan-02 6.10 4,000 0.18
GR8 Ha5 1986 Jan-02 5.90 4,300 0.23
GS17A Ha5 1994 Apr-02 9.15 5,400 0.11
GS17B Ha5 1994 Apr-02 8.95 5,300 0.08
GS13A Sc1 1994 Apr-02 3.15 7,200 NA
GS13B Sc1 1994 Apr-02 4.05 6,300 NA
GS15 Sc10 1994 Jan-02 6.40 4,600 0.07
GR13D Sc2 1994 Jan-02 11.60 2,100 0.25
GR13i Sc2 1994 Jan-02 11.60 2,100 0.28
GR14 Sc2 1994 Jan-02 9.60 2,700 0.28
GR17 Sc2 1995 Jan-02 13.80 2,000 0.35
GS16A Sc4 1994 Apr-02 12.35 5,100 NA
GS16B Sc4 1994 Apr-02 12.55 4,600 0.14
AG10 Sc9 1993 Apr-02 4.05 5,800 0.07
* Not available
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Appendix 3: Snapshot of the waterways
Kaylene Parker, Rivercare Officer, Department of Environment, Water and Catchment Protection
Table A5: Physico-chemical results of waterways
Site code System Location Flow Temperature(oC) EC (mS/m) pH
Turbidity
(NTU)
DAI-001A Mouth of the inlet Flowing 18 1,400 7.7 <10
DAI-001 In coastal reserve Flowing 14 1,000 8.1 16
DAI-002 On farmland Flowing 16 700 8.1 15
DAI-003
Dailey River
Bottom of farmland Flowing 13 1,100 8.2 15
Mean 15 1,000 8.0
DUK-001 Farmland mid system Flowing 14 1,500 8.1 <10
DUK-002
Duke Creek
Farmland top of system Flowing 17 1,600 8.5 <10
Mean 15 1,500 8.3
MUNG-001 Merivale Road Dry Dry Dry Dry NA*
MUNG-002 Farmland Dry Dry Dry Dry NA
MUNG-003 Powerline farmland Still 14 3,000 8.2 NA
MUNG-004
Mungliginup Creek
Below farmland Flowing 14 2,700 8.3 NA
Mean 14 2,800 8.3
ALEX-002 Farmland crossing Flowing 14 4,400 7.9 NA
ALEX-003
Alexander River
Mouth of the river Flowing 15 3,800 8.1 NA
Mean 14 4,100 8
TOM-001 Inlet opening Flowing 19 3,600 8.3 <10
TOM-002 Bottom of farmland & near Reserve Flowing 23 5,200 8.0 NA
TOM-003
Thomas River
Bottom of farmland Flowing 20 3,600 8.3 NA
* not sampled Mean 21 4,100 8.2
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Table A6:  Macro-invertebrate species collected
Broad class Common name Scientific name Alexander River Dailey River Mungliginup Creek Thomas River
Swan river goby Pseudogobius olorum X
Western minnow Galaxius occidentalis X
Native fish
Minnow Galaxius sp. X
Non-biting midges Chronomidae sp 1 X
Dyptera Chronomidae sp 2 X
Larval soldier flies Stratiomyidae X
Insect larvae
Larval crane flies Tipulidae X
Insects Damsel fly Lestidae X
Amphipods Freshwater shrimp Ceinidae X X
Isopods Aquatic slater bugs Sphaeromatidae X X X
Small tall spiral Coxiella straitula X X
Tiny pippie Sphaerium kendriki X
Small pippie Sphaeriidae X
Shells
Small spiral Pomatiopsidae X X
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Appendix 4: Vegetation types and priority flora
Tilo Massenbauer, Catchment Conservation Officer, Department of Conservation and
Land Management
Table A7: Vegetation types and present cover in the Beaumont-Condingup area
Beard’s v egetation description Area of
original
cov er (%)
Proportion of
original cov er
remaining (%)
Proportion of
original cov er
remaining (% of
vegetation type)
Low Woodland, paperbark (Melaleuca sp.) <1 <1 84
Medium Woodlands    
Merrit & red mallee <1 <1 15
Red mallee group <1 <1 53
Yate <1 <1 42
Shrublands    
Eucalyptus incrassata mallee-heath 4 1 15
Acacia, casuarina & melaleuca thicket <1 <1 55
Banksia scrub-heath on coastal plain in
sandplain area
7 5 72
Banksia scrub-heath in the sandplain area 9 1 17
Heath with scattered Nuytsia floribunda in
sandplain area
13 2 14
Mallee & acacia scrub on coastal dunes 7 6 95
Mallee scrub, E. eremophila 2 1 30
Mallee scrub, black marlock 32 9 27
Mallee scrub, black & Forrest's marlock 6 3 50
Mallee scrub, blue mallee (E. socialis) <1 <1 2
Scrub-heath in the sandplain area &
Mt Ragged scrub-heath
3 1 54
Tallerack mallee-heath 16 2 13
Tea-tree scrub <1 <1 42
Total 100 32  
Source: Beard (1973) and Land Monitor (2001c).
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Table A8: Declared rare and priority flora
Species Status Species Status
Anigozanthos bicolor subsp. minor R Olearia laciniifolia P2
Lambertia echinata subsp. echinata R Opercularia hirsuta P2
Eucalyptus insularis R Paracaleana sp. Nuytsland P2
Myoporum turbinatum R Patersonia inaequalis P2
Pleurophascum occidentale R Scaevola paludosa P2
Acacia diaphana P1 Spyridium mucronatum subsp. multif P2
Atriplex muelleri P1 Thysanotus parviflorus P2
Baeckea crassifolia var. icosandra P1 Acacia euthyphylla P3
Boronia baeckeacea subsp. patula P1 Acacia pritzeliana P3
Dillwynia acerosa P1 Eucalyptus famelica P3
Eucalyptus balanopelex P1 Eucalyptus semiglobosa P3
Hydatella australis P1 Gonocarpus pycnostachyus P3
Leucopogon sp. Bonnie Hill P1 Gonocarpus simplex P3
Myoporum velutinum P1 Goodenia laevis subsp. laevis P3
Acacia incanicarpa P2 Isopogon alcicornis P3
Acacia nitidula P2 Leucopogon parvuliflorum P3
Acrotriche patula P2 Leucopogon rotundifolius P3
Andersonia macranthera P2 Leucopogon apiculatus P3
Andersonia carinata P2 Melaleuca incana subsp. tenella P3
Astroloma sp. Fitzgerald P2 Monotoca leucantha P3
Comesperma lanceolatum P2 Persoonia scabra P3
Dampiera decurrens P2 Sphaerolobium pubescens P3
Daviesia pauciflora P2 Trachymene anisocarpa var. trichoc P3
Eremophila chamaephila P2 Verticordia verticordina P3
Goodenia quadrilocularis P2 Acacia aemula subsp. aemula P4
Grevillea plurijuga subsp. superba P2 Caladenia arrecta P4
Lasiopetalum maxwellii P2 Caladenia exstans P4
Lepyrodia fortunata P2 Darwinia sp. Mt Burdett P4
Leucopogon florulentus P2 Eucalyptus aquilina P4
Leucopogon interruptus P2 Eucalyptus erythrandra P4
Leucopogon multiflorus P2 Eucalyptus ligulata P4
Leucopogon sp. Kau Rock P2 Eucalyptus missilis P4
Melaleuca eximia P2 Grevillea baxteri P4
Kennedia beckxiana P4 Myriophyllum petraeum P4
Lepidium pseudotasmanicum P4 Prostanthera carrickiana P4
Melaleuca fissurata P4 Verticordia vicinella P4
Source: Department of Conservation and Land Management (2003)
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Appendix 5: Conservation codes for declared rare and
priority flora
Definitions of conservation codes given to declared rare and priority flora (Atkins
1998).
R: Declared Rare Flora – Extant Taxa
Taxa which have been adequately searched for and are deemed to be in the wild
either rare, in danger of extinction, or otherwise in need of special protection, and
have been gazetted as such.
P1: Priority One – Poorly Known Taxa
Taxa that are known from one or a few (generally less than five) populations, which
are under threat, either due to small population size, or being on lands under
immediate threat, e.g. road verges, urban areas, farmland, active mineral leases, or
the plants are under threat, e.g. from disease, grazing by feral animals. May include
taxa with threatened populations on protected lands.  Such taxa are under
consideration for declaration as rare flora, but are in urgent need of further survey.
P2: Priority Two – Poorly Known Taxa
Taxa which are known from one or a few (generally less than five) populations, at
least some of which are not believed to be under immediate threat (i.e. not currently
endangered). Such taxa are under consideration for declaration as rare flora, but
are in urgent need of further survey.
P3 Priority Three – Poorly Known Taxa
Taxa that are known from several populations, and the taxa are believed to be not
under immediate threat (i.e. not currently endangered), either due to the number of
known populations (generally more than five), or known populations being large, and
either widespread or protected.  Such taxa are under consideration for declaration as
rare flora, but are in need of further survey.
P4 Priority Four – Rare Taxa
Taxa which are considered to have been adequately surveyed and which, while
being rare (in Australia), are not currently threatened by any identifiable factors.
These taxa require monitoring every 5-10 years.
Note: The need for further survey of poorly known taxa is prioritised into the three
categories depending on the perceived urgency for determining the conservation
status of those taxa, as indicated by the apparent degree of threat to the taxa on the
current information.
